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Energy Levels of Sulfur, S I Through S XVI 
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National Institute of Standards and Technology, Gaithersburg, MD 20899 

Received December 28, 1989; revised manuscript received February 22, 1990 

Energy level data are given for the atom and all positive ions of sulfur (Z = 16). 
These data have been critically compiled, mainly from published and unpublished 

material on measurements and analyses of the optical spectra. We have derived or 
recalculated the levels for a number of the ions. In addition to the level values in 
cm -I and the parity, the J value and the configuration and term assignments are 
listed if known. Leading percentages from the calculated eigenvectors are tabu
lated or quoted wherever available. Ionization energies are given for all spectra. 

Key words; atomic energy levels; atomic ions; atomic spectra; electron configurations; ionization po

tentials; sulfur. 
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This compilation is one of a series being published by 
the NIST Atomic Energy Levels Data Center. Earlier 
publications in this series include critical compilations of 
energy level data for Na I-XI, Mg I-XII, Al I-XIII, 

Si I-XIV [Martin and Zalubas, 1981, 1980, 1979, 1983, 
respectively], and P I - XV [Martin, Zalubas, and Mus
grove, 1985]. Compilations of the energy levels for all 
spectra of the iron-period elements K through Ni [Sugar 
and Corliss, 1985] and for Mo I - XLII and Cu I - XXIX 

[Sugar and Musgrove, 1988, 1990] have also been pub
lished. 

Since the general methods used in these compilations 
were outlined previously [Martin and Zalubas, 1979, 
1980], our explanation here is confined mainly to the ta
bles and the material preceding them. The levels for the 
sulfur spectra have been compiled from data available to 
us through October, 1989. 
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The basic data listed after the main heading for each 
spectrum include the appropriate isoelectronic sequence 
(for ions), the configuration and term designation of the 
ground-state level, and the wavenumber corresponding 
to the principal ionization energy. The ionization energy 
is also given in electron-volt (e V) units, an equivalence 
of 1 eV to 8065.5410 ± 0.0024 cm- I being used for the 
conversion [Cohen and Taylor, 1987]. 

We have tried to describe our use of the data from the 
references for each spectrum in sufficient detail to make 
apparent the sources for at least all major groups of lev
els. More complete references are given in several biblio
graphic publications (Moore, 1968, Hagan and Martin, 
1972, Hagan, 1977, Zalubas and Albright, 1980, 
Musgrove and Zalubas, 1985]. We have also used a bibli
ographic database of references published since 
December 1983 maintained by the AEL Data Center. 
Our starting point in collecting the references was 
Moore's Atomic Energy Levels, Vol. I. 

821 

The symbols following the references indicate type of 
data or other content according to a code explained in 
the Bibliography on Atomic Energy Levels and Spectra 
pUblications [Hagan and Martin, 1972]. These symbols 
are especially useful for references otherwise listed with
out comment. We note that "EL," "CL," and "IP" refer 
to energy levels, classified lines, and ionization poten
tials, respectively, "SF" refers to evaluated series con
stants, and "PT" and "AT" refer to theoretical results. 
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822 MARTIN, ZAlUBAS, AND MUSGROVE 

The spectroscopic notations used in energy-level com
pilations of the AEL Data Center have been described 
fully [Martin, Zalubas, and Hagan, 1978]. This reference 
also describes the format of the tables in detail and in
cludes material on coupling schemes, eigenvector per
centages, allowed terms, and the Zeeman effect. In 
general we use the notation and conventions. outlined 
there without comment. 

The levels are given in units of cm -1 with respect to 
the ground level at zero. Odd-parity levels are printed in 
italics. The assignment of a set of levels to a term is 
indicated by grouping the levels and by listing the con
figuration and term for only the first (lowest) level of the 
group. Levels within terms are listed in order of position, 
and terms are listed in order of lowest levels. 

The "Leading percentages" oolumn normally gives 
one or two percentages from a calculated eigenvector 
for the level. All percentages are rounded off to the 
nearest percent, and the % symbol is omitted. If the level 
has a name (under "Configuration" and "Term"), a fll'St 
percentage not followed by a term symbol is for this 
name component. A fll'St percentage followed by a term 
symbol normally represents the largest component in the 
eigenvector of a level for which no particular name is 
appropriate, the configuration and parentage for this 
component being shown under "Configuration." Any 
variation from these conventions is made obvious by the 
notation and is mentioned in the comments. 
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ENERGY LEVELS OF SULFUR, S I THROUGH S XVI 

SI 

823 

Z=16 

Ionization energy 83559.1 ± 1.0 cm-1 (10.36001 ± 0.00012 eV) 

Levels Below the Principal Ionization Limit 

A large extension of the analysis of this spectrum was 
given in the 1933 papers by Frerichs, by Ruedy, and by 
Meissner et al. No more recent observations are avail
able for most of the S I lines in the wavelength range 
covered by Frerichs (4150-11 500 A) and by Meissner 
et al. (3400-8700 A). Edl{m [1949] revised the desi~a
tions of a number of terms and also located several new 
levehL 

Kaufman's measurements of 114 lines between 1157 
and 2169 A superseded previous observations of the 
vacuum-ultraviolet emission spectrum by Ruedy and by 
Toresson. The measurements of about 120 lines in the 
infrared (9212-37270 A) by Jakobsson gave an exten
sion of the analysis and accurate connections between 
the levels of the lower exoited oonfigurations. 

Eriksson gave the levels of the 3s23p4 ground configu
ration except 3po as accurate to ±0.OO5 em-I, based on 
his wavelength measurements for three transitions be
tween these levels. Kaufman's determinations gave the 
3s23p43PO level accurate to about ±O.016 em-I, and the 
uncertainty of his connection between the most accurate 
levels of the excited configurations and the ground
configuration levels is about ±0.02 em-I. The relative 
positions of the excited-configuration levels given to 
three rlecimstl places were determined by Ialcobsson. The 
relative uncertainty of these levels is less than 0.01 cm-t, 
and the uncertainty of their values as given here with 
respect to the 3s23p4 levels is about ±0.02 em-I, 
Jakobsson's values having been increased by 0.950 cm-1 

[Kaufman]. 
Most of the two-place and one-place odd levels below 

the 3p 3(4S0) limit, as well as the 3p3eDO)5s IDi and 
3p 3epO)5s IPi levels, are from Kaufman's list. The uncer
tainty of these levels is 0.03 to 0.20 cm-1 for the two
place values and 0.3 cm-1 for the one-place values. We 
evaluated most of the remaining levels using the values 
for the lower levels given here with experimental 
wavenumbers of the corresponding transitions from 
Frerichs and/or from Meissner et a/a The levels evalu
ated in this way include those belonging to the odd terms 
3s23p 3(4S0)ns 5so (n >6), (4S0)nd 50° (n >4), and (4S0)7d 
30° and the even levels of (4S0)n/ (n >5), (4S0)np 
(n =7,8), and CD°)4p 3F. Edlen's values for the (4S0)7p 
3p and (4S0)8p 3p levels have been lowered by 0.30 em-I, 
this correction being an estimate based on related levels. 

We derived values for the ionization energy by fitting 
Ritz series formulae to the (4S0)ns 5so series (n =4-10), 
the (4S0)ns 3S0 series (n =4-11), the (4S0)nd 50: series 

(n =4-9), and the (4S0)nJ SF series (n =4-8). The 
ionization-energy value given here is based on these 
results, with the uncertainty being estimated from the 
consistency of the values from the different series and 
from the range of limit values allowed by acceptable fits 
to the series. 

The eigenvector percentages for the odd levels are 
from a calculation by Cowan [1984] that included the 
interactions between the 3s3p s, 3s23p3ns, and 3s23p3md 
configursttions. with n =4-6. m =3-6 and also seven 
additional pseudo configurations to mock up the higher 
md configurations and the Ed continuum. The energy 
parameters were scaled from their Hartree·Pock values 
to improve agreement with experiment. The assignment 
of the largest 3s 3p S 3po eigenvector components to the 
levels of the 3po term near 72 ()()() em -1 is supported by 
all available oaloulations that include the pertinent con
figuration interactions with sufficient completeness 
[Cowan and Hansen, 1981; Cowan, 1984; McGuire, 
1986]. Most of the remaining 3s3p 5 3po composition is 
distributed amongst the 3s23p 3COO,2pO)nd, Ed 3po and 
3s23p 3fpO)ns, ES 3po series and continua. 

Levels Above the PrinCipal Ionization Limit 

Five levels above the 3s23p 3 4S0 limit have been deter
mined within uncertainties of 0.10 to 0.20 cm -1 from 
relatively sharp emission lines: the 3s23p 3fDO)5s IDi and 
~PO)5s IPi levels are from Kaufman's list, and the 
enO)3d 3po levels were derived by Alder et a1. from their 
measurements of the (4S°)4p 3p-~DO)3d 3po multiplet 
near 4630 A. 

Tondello's observations of the vacuum-ultraviolet 
absorption spectrum (941-1707 .A) yielded higher series 
members and autoionization·broadened features not 
observed in emission. His classifications of the lines 
included transitions from the 3s23p4 10 level as well as 
from the 3s23p4 3p ground-term levels. More recent mea
surements of the absorption spectrum in the vacuum ul
traviolet have been carried out by Sarma and Joshi and 
by Joshi et al. (840-1220 A); Gibson et al. observed the 
photoionization spectrum in the 925 -1200 A region. 
Most of the odd-parity terms lying above the 3s23p 3 4so 
limit have been selected from the data of Tondello, Joshi 
et al., and Gibson et al. The measurements of the sharper 
features were probably accurate within errors of 1 to 
several em -1, the corresponding levels being given here 
to the nearest cm -I. The levels derived from broader 
features (denoted by the letter "a" following the value) 

J. Phys. Chem. Ref. Data, Vol. 19, No.4, 1990 



824 MARTIN, ZALUBAS, AND MUSGROVE 

are given to the nearest 10 cm -lor, in the case of several 
of the most strongly autoionizing terms, to the nearest 
100 cm- I • 

A considerable number of the observed photoabsorp
tion and photoionization resonances have been inter
preted differently by different authors. For example, the' 
assignments of the C:OO)nd 3so and C:OO)ms 30° series 
appear to be ambiguous for n + 2 = m :> 5, and the 
adopted interpretation of the features on which the ap
parently overlapping C:pO)nd 3po

, 30° series are based 
may be in question. The odd-parity term assignments 
here are generally consistent with calculations by 
Cowan [1984] and by Tayal [1988], but none of the avail
able calculations is sufficiently accurate to allow defini
tive interpretation of all features of this complex 
spectrum. Among the other useful calculations that we 
have consulted are those by Conneely et al. [1970], 
McGuire [1979], Ho and Henry [1985], and Mendoza 
and Zeippen [1988]. We have omitted a number of terms 
based on tentative series identifications or derived from 
relatively weak and blended features. 

Pratt [1988] has applied laser and mass-spectrometric 
techniques to observe ionization resonances due to two
photon excitation from the S I 3s23p4 102 level. His 
method allow~ scanning over an upper-level energy 
range from about 93 600 to 98 900 cm -I, with two-pho
ton transitions being allowed only to upper levels having 
the same parity as the 102 level (even-parity upper lev
els). Upper levels having dominant or large singlet eigen
vector components were strongly favored; thus the 
observed lines or features were relatively narrow, au
toionization being inhibited by the lack of a singlet con
tinuum below the S n 2s22p 3C:00) limits. Most of the 
stronger lines were assigned to series belonging to 
C:OO)n! or C:OO)np configurations on the basis of quan
tum-defect behavior. We have tabulated the C:0jl2)n! 
and C:0;I2)n! (n =5-18) positions as designated by 
Pratt, and we also list the members of his strongest 
fOO)np series for n = 7 -12. Pratt estimated that his mea
surements are accurate to ±1 cm .... l ; his energies have 
been lowered by 0.4 cm -1 for consistency with the 
3s23p4 102 level given here. 

It should be noted that even the sharpest features ob
served by Pratt (2.0 to 2.5 cm-1 instrumental width) may 
have unresolved level structure that varies along a 

SI 

"'series." This may account in part for apparently irregu
lar quantum-defect behavior corresponding to deviations 
as large as several cm -I for some series members. Pend
ing more detailed theoretical calculations of these struc
tures, we have omitted the J 1/-coupling designations 
tentatively suggested by Pratt for the c:nO)np series. Ad
ditional resonances designated as higher members of this 
series and also the positions for lines assigned to three 
weaker c:nO)np series are given by Pratt. 
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Configuration Term J Level (em-I) Leading peree 

3s23p4 sp 2 0.000 
1 396.055 
0 573.640 

3823p4 In 2 9238.609 

3s23p4 IS 0 22179.954 
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ENERGY LEVELS OF SULFUR, S I THROUGHS'xvl 826 

S I - Continued 

Configuration Term J Level (em- l ) Leading percentages 

3823p 3(4S°)4s SSG 2 52623.6.40 100 

38 23p 3(4So)4s 3so 1 55330.811 100 

3823p 3(4So)4p 5p 1 63446.065 
2 63457.142 
3 63475.051 

3823p 3(4so)4p 3p 1 64 888.964 
0 64891.386 
2 64 892.582 

Ss2Sp3(2D0)4s 3Do 1 G'l91G.951 96 3 3023p 3(4so)3cl 3DO 
2 67825.188 96 3 " 
3 67842.8G7 96 3 " 

3s2Sp9("'S")8d .5D" 4 67877.635 97 1 3s 1lSp8(4S")4d SU" 
0 67884.158 97 1 " 
1 67885.535 97 1 " 
2 67887.805 97 1 " 
3 67890.016 97 1 " 

3s23p 3(2D0)4s In° 2 69237.886 99 

3823p 3(4S0)3d 3n° 1 70164.658 95 3 3823p3~n°)4s SO° 
2 70166.195 95 3 " 
3 70173.968 96 3 " 

3823p 3(4So)5s SSG 2 70702.790 100 

3823p 3(4So)5s 3so 1 71351.399 99 

383p 5 3po 2 72023 . .495 58 15 3823p3(2D0)3d Sp0 
1 72382.328 57 15 " 
0 72571.630 57 15 " 

3s23p 3(48°)5p 5p 1 73911.259 
2 73914.928 
8 73920.961 

3s 23p 3(48°)5p 3p 2 74268.547 
1 74269.600 
0 74271.651 

3823p 3(48°)4d fin° 4 74973.14 95 2 8s 23p 3(4so)8d 5n° 
3 7.4 97.4.10 95 2 " 
2 7.4 975.19 95 2 " 
1 74976.06 95 2 " 
0 74976.61 95 2 " 

3823p 3(4S°)4d 3n° 1 75951.95 98 

2 75952.35 98 

3 75956.53 98 

3823 3(48°)6s SSG 2 76464.06 100 

J. Phys. Chem. Ref. Data, Vol. 19, No.3, 1990 



828 MARTIN. ZALUBAS. AND MUSGROVE 

S I - Continued 
- --

Configuration Term J Level (em-I) Leading pe reen"'",,, 

3s23p~4go)4f iF 4 76654.767 
5 76654.769 
3 76654.794 
2 76654.811 
1 76654.847 

3s23p 3(4g°)4f IF 4 76656.324 
3 76656.330 
2 76656.358 

3s2Sp~4go)6s ago 1 76720.65 100 

3s2sp 8(2P').4g Sp0 0 '1'1 19S.S!J 95 It : ... :.,,- ..... 
1 77150.14 94 :1 . 
2 . 77181.15 95 :I 

3s23p~~")6p 6p 1 77850.740 
2 77853.234 
3 77856.446 

3s~p3(~0)4p Ip 1 77854.906 

3s23pB(4g°)6p 8p 2 77890.532 
0 77902.208 
1 77913.543 

3s23pseD°)4p sn 2 78152.071 
1 78152.336 
3 78203.180 

3s23p~4g0)5d 5n° 4 78270.10 9" 2 :1s2a"~.S·"fl r,U-
3 78270.52 94 2 . 
2 78270.99 94 2 

1 94 2 

0 9" 2 

3s23pB(2p°)4s lpo 1 78288.44 76 III 

& 23pseD°)4p Sp 2 78409.89 
3 78435.81 
4 78463.04 

3sZSp3(ZD0)4p IF 3 78639.923 

3s2SpS(4S°)5d ano 2 78691.37 98 1 
3 78691.80 98 1 
1 78692.53 98 1 

3s2Sp~4go)7s SSo 2 79058.04 

3s23p~4so)5f 5F 5-1 79 142.81 

3s23p 3(4g°)5f IF 4,3,2 79143.93 

3s2Sp 3(4g0)7 s ago 1 79185.35 

3823pseD°)4p 8p 2 79375.80 
1 79405.30 
0 79418.01 
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ENERGY LEVELS OF SULFUR, S I THROUGH S XVI 827 

S I - Continued 

Configuration Term J Level (em-I) Leading percentages 

3s23p 3(4S°)7 p 5p 1 
2 
3 79785.52 

3s23p 3(4S°)6d 5Do 4 79992.15 95 2 3s23p 3(4so)5d 5Do 
3 79992.32 95 2 " 
2 79992.50 95 2 " 
1 95 2 " 
0 95 2 " 

3s23p 3(4g0)7p 3p 2 80112.93 
1 80120.21 
0 80123.86 

3s23p 3(4S°)6d 3Do 3 80182.16 98 1 3s23p 3(2D0)3d 3Do . 
2 80183.83 98 1 " 
1 80185.60 98 1 " 

3s 23p 3(4S0)& sso 2 80449.10 

3s 23pB(4g°)6f 5F 5-1 80494.31 

3s 23p 3(4S°)6f IT 4,3,2 80495.24 

3s23p s(4S°)8s ago 1 80521.46 

3s23p 3(4S°)7 d 5Do 4 80995.28 

3s23p 3(4so)8p 3p 0,1 80995.60 
2 80996.03 

3s23p 3(4S°)7 d 3Do 3 81080.29 
2 81082.46 
1 81084.67 

3s23p 3(4so)9s sso 2 81281.56 
l 

3s23p 3(4S°)7 f 5F 5-1 81308.84 

3s23p 3(4so)7 f SF 4,3,2 81309.57 

3s23p 3(4S°)9s 3so 1 81326.81 

3s23p 3(2D0)3d Ipo 1 81438.30 58 23 3s23p3(2p0)4s Ipo 

3s23p 3(4so)8d SO° 4 81628.70 

3s23p 3(4so)8d 3Do 3 81663.05 
2 81665.61 
1 81 667.93 

3s23p3(4S0)10s sso 2 81819.20 

3s23p 3(4so)8f 5F 5-1 81837.6 

3s23p 3(4S0)10s 3so 1 81849.68 

3s 23 3(4so)9d 5Do 4 82053.7. 

J. Phys. Chem. Ref. Data, Vol. 19, No.4, 1990 
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S I - Continued 

Configuration Term. J Level (em-I) Leading percen 

3s23p 3(4so)9d 3])0 3 82061.70 
2 82083.40 
1 82067.22 

3s23p~4S0)11s 3so 1 82208.17 

3s23p 3(4S0)10d 3n° 3 82350.77 
2 82852.35 
1 82353.25 

3s23p 3(4S0)10d 5n° 4 82353.1 

3R 2Sp 3(4g°)11d 3J)0 9 82581.9 
2 82588.8 
1 825li4.4 

& 23pIlfDO)3d IF" S 82 (J04.41 

3s23p 3(4S0)12d 3n° 3 82723.2 
2 82725.0 
1 

3s23p s(4S0)13d 3n° 3 82849.0 
2 82850.3 
1 

3s23p s(4S0)14d sn° 3 82948.7 
...................... .............. ....... • •••••••••• e ••••••••• 

S n (4S3/2l Limit 83559.1 

3s23p s(2D0)3d sn° 1,2,3 887000, 

3s23p s(2D°)3d sSo 1 85480a 

3s23p s(2D0)3d? Ino? 2 85614 

3s 23p s(2D0)5s sn° 1,2,3 85880a 

3s23p s(2D0)5s In° 2 88108.08 

3s23p 3(2D°)3d 3po 0 88473.17 
1 86484.5'1' 
2 88503.21 

3s23p s(2D0)4d 3])0 1,2,3 90400a 

3s23p 3(2D0)4d sSo 1 91190a 

3s23p3~0)4d In° 2 91278 

3s 23p 3(2D0)6s sn° 1,2,3 91380a 

3s23ps~0)4d spo 0 91461l? 
1 91488 
2 91519 

3s23p3~0)6s In° 2 915451 

3s23 3~0)5d 3n° 12,3 98410a 

J. Phy •• Chem. Ref. Data, Vol. 19, No.4, 1990 



ENERGY LEVELS OF SULFUR, S I THROUGH S XVI 829 

S I - Continued 

Configuration Term J Level (em-I) Leading percentages 

3s23p 3(2D°)5d 3So 1 93824-

3823p 3fDO)5d IDo 2 93870 

3s23p 3fDO)7 s 3Do 1,2,3 93984-

3s23p3(2D3/~5f 93996.4 

38 23p 3(2J)5/~5f 94032.6 

3s23p 3fDO)7 s IDo 2 94- 035 

as 23p 3(2po)3d 3Do 1,2,3 D~ 180a 

3s 23p 3(2po)3d 3po 0,1,2 94- 381 

as 23p3~D·)5d 3p. 1,2 94414 

382Sp3fDO)7p 94875.5 

3823p 3(2D°)6d 3Do 1,2,3 95100a 

38 23p 3(2p0)5s 3po 0 95181? 
2 95198 
1 95208 

3823p 3(2D°)6d 3so 1 95256a 

3823p 3fDO)6d IDo 2 95299 

3S23p3(2D3/~6f 95349.1 

3s23p 3(2J)0)8s 3Do 1,2,3 95350 

3s 23p 3(2J)5/2)6f 95383.4 

3s23p 3fDO)6d 3po 1,2 95625 

3a 28p 3(2po)58 Ipo 1 95638.95 

38 23p 3(2p°)3d Ipo 1 95873.5 

3s23p 3(21YJ8p 95880.9 

3823p 3(2DO)7 d 3Do 1,2,3 9600Ga 

3s23p 3fDO)7 d 3so 1 96099 

3s2Sp3(2D°)7 d IDo 2 96133 

3s 23p 3(2J)3/~7 f 96160.0 

3s23p3fD5/~7 f 96194.2 

Ss2Sp3fDO)9s 3Do 1,2,3 96204-

3s2Sp3fDO)7d 3po 1,2 96312 

3s2Sp3fDO)9p 96513.2 

J. Phys. Chem. Ref. Data, Vol. 19, No.4, 1990 
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8 I - Continued 

Configuration Term J Level (em-I) Leading 

3s23pB(2D°)8d SJ)0 1,2,3 96618a 

3s23p 3(2D0)8d 38° 1 96649 

3s23p 3(2D0)8d IDo 2 96677 

3s23p 3(2DS/2l8f 96689.1 

3s23p3(2D°)10s SJ)0 1,2,3 96716 

3s23p 3(2Ds/V8f 96721.7 

3s23pB(2D°)10p 96937.0 

3s23p s(2D°)9d 3Do 1,2,3 97012a 

3s23p 3(2DS/2l9f 97052.7 

3s23p 3(2DS/2l9f 97085.1 

3s23p 3(2D°)11s SJ)0 1,2,3 97089 

3s23p 3(2DO)11p 97232.0 

3s23p 3(2D°)10d 3Do 1,2,3 97276a 

3s23p3~/2l10f 97309.8 

3s23p 3(2D°)12s 3Do 1,2,3 97327 

3s 2gp B(2D6/2l10f 97342.7 

3s23p3(2D°)12p 97455.1 

3s23p3~/2l11f 97 505.0 

3s23p 3(2D°)13s SJ)0 1,2,3 97523 

3s23p 3(2D6/2l11f 97536.4 

3s23p 8(2DS/2l12f 97649.6 

3s23p 8(2D°)14s 3Do 1,2,3 97665 

3s23p 3(2Ds/v12f 97680.3 

3s23p 3(2D3/2l13f 97761.6 

3s23p 3(2D°)15s SJ)0 1,2,3 97778 

3s23p 3(2Ds/2l13f 97794.0 

3s23p3~/2l14f 97851.4 

3823p 3(2D°)16s SJ)0 1,2,3 97870 

3823p 3(2Ds/2l14f 97885.0 

3s23 3(2D3/v15 97925.4 

J. Ph,s. Chem. Ref. Data, Vol. 19, No.4, 1990 



ENERGY LEVELS OF SULFUR, S I THROUGH S XVI 831 

S I - Continued 

Configuration Term J Level (cm -1) Leading percentages 

3s23p 3(2J>°)17s 3Do 1,2,3 9791,.0 

3s23p 3(2Dsd15f 97956.8 

3s23p 3(2J>s/v16f 97985.5 

3s23p 3(2D°)18s 3Do 1,2,3 98000 

3s23p 3(2J>s/v16f 98017.0 

3s23p 3(2Ds/v17 f 98034.3 

&g28p 3(2n0)1 Qs 3n° ',2,8 lI80/;2 

3s23p 3(2J>s/v17f 98065.9 

38 2SpR('-D§/v18( 98074.5 

3s 23p 3(2J>°)20s 3Do 1,2,3 98093 

3sZ3p3(Z])s/~18f 98106.2 

3s23p 3(20°)21s 3Do 1,2,3 98126 

3s 23p 3(200)22s 3Do 1,2,3 98155 

SIT (2Os/v Limit 981,.12.0 

SIT (2Ds/v Limit 981,.1,.3.8 

3s23p 3(2p0)4d 3po 0,1,2 100300a 

3s 23p 3(2p0)4d 3Do 1,2,3 10051,.Oa 

3s23p 3(2pO)6s 3po 0,1,2 101000a 

3s 23p 3(2p0)5d 3po 0,1,2 103190a 

3s 23p 3(2po)5d 3n° 1,2,3 103370a 

3s23p 3(2pO)7s 3po 0,1,2 103600a 

3s23pgfpft)6d gp" 0,1,2 104740a 

3s 23p 3(2pO)6d aDo 1,2,3 104870a 

3s 23p 3(2P0)8s 3po 0,1,2 105000a 

3s 23p 3(2p°)7 d 3po 0,1,2 105660a 

3s23p 3(2pO)7d 3Do 1,2,3 1057J,.Oa 

3s23p 3(2pO)9s 3po 0,1,2 105880a 

3s23p 3(2po)8d 3po 0,1,2 10621,.6 

3s 23p 3(2po)8d 3Do 1,2,3 106310a 

3s23p3(2pO)10s 3po 0,1,2 1063700, 

J. Phys. Chern. Ref. Data, Vol. 19, No.4, 1990 
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S I - Continued 

Configuration Term J Level (em-I) Leading percentages 

3s23p 3(2P°)9d 3po 0,1,2 10661", 

3s23p 3(2p°)10d 3po 0,1,2 106930 

3s23p 3(2P°)11d 3po 0,1,2 107120 

3s23p 3(2p°)12d 3po,3J)0 107287 

3s23p 3(2p°)13d 3po,3Do 107 ",01 

3s23p 3(2P°)14d 3po,3n° 107513 

3s23p s(2p°)15d Spo,3n° 10758", 

3s23p 3(2P°)16d 3po,Sn° 1076",5 

S n (2Pi/~ Limit 10808",.0 

S n (2p8/~ Limit 108130.7 

J. Phys. Chem. Ref. Data, Yol. 19, No.4, 1990 



ENERGY LEVELS OF SULFUR, S I THROUGH S XVI 

511 

833 

Z=16 

P I isoelectronic sequence 

Ionization energy 188232.7 ± 2.0 cm-1 (23.337 89 ± 0.000 25 eV) 

The analysis of this spectrum was recently extended 
by Pettersson, who measured 867 lines in the range 
558-9564 A. He found new energy levels for the 3s3p4 
and 3s23p24s-7s, 4p-5p, 3d-7d, 4/-7/, and 5g con
figurations. The levels of the excited configurations are 
from Pettersson's tables. The 3s23p 3 20° and 2po levels 
are from measurements of forbidden transitions to the 
ground level observed in astronomical. spectra; the cor
responding uncertainties are about ±0.05 cm-1 for the 
20° levels [weighted averages of measurements from 
Bowen, 1955; Trauger et al., 1980; Brown, 1983] and 
±0.20 cm -1 for the 2po levels [Bowen]. Pettersson's esti
mates of the uncertainties of his wavelength determina
tions indicate that the connection between the 3s23p 3 

levels and the excited-configuration levels should be ac
curate to about ±0.5 cm- I

, and the relative uncertainties 
within the excited-configuration system should be 
mainly in the range ±0.05 to ±0.3 cm- t• 

Pettersson derived the ionization energy using the 
3s23p2(3P2)n/2[5]i1l2 series (n =4-7) and the 
~P 2) 5g 2[6]1312 level. His estimated uncertainty of 
±2 cm-1 for the 8 III ep2) limit would also apply to the 
~Po) principal limit and to the ep1) limit. 

The high configurational and LS -coupling purities of 
the 3s23p 3 ground-configuration levels are evident from 
the leading percentages as tabulated (to the nearest per
cent) from a calculation of 3s23pl + 3p s by Cowan, but 
we mention here Cowan's more precise percentages for 
these important levels. The eigenvectors for the 
3s23p 32po levels each have a 1.48% 3p s 2po contribution, 
and there is a 0.45% mutual intermediate-coupling mix
ture of 3s23p 3 2P3/2 and 203/2, A 0.035% 48312, 2P3/2 mix-
ing accounts for most of the impurity of the 483/2 

ground-level eigenvector. 
Pettersson calculated the levels of the 

3s23p24p _ + 3s23p25p and 3s23p24j + 3s23p 25/ configura
tions including the indicated configuration interactions. 
The leading percentages for the levels of these configu
rations given here are from his calculations, which in
cluded least-squares level fitting. The frrst percentage 
given for the 3p24jand 3p25/levels pertains.to the Jd
coupling scheme that best names these levels, the largest 
percentage in the LS scheme being given after the word 
"or". 

The eigenvector percentages given for even·parity 
levels are from a calculation by Cowan that included the 
interactions between 3s3p4, 3s23p23d-6d, 3s23p24s-7s, 
and several higher 3s23p 2nd and Ed mock configurations. 

As noted by Pettersson in discussing an earlier, less com
plete calculation, the compositions of some of the eigen
vectors show strong mixtures, "especially in the doublet 
system." Practically all of the 3s 3p 4 2p composition is 
distributed amongst eigenvectors having mainly 
3s23p2nd character. The term most appropriate for the 
3s3p4 2p designation (near 145500 em-I) is near the "un
perturbed" 3s3p4 2p position obtained from a calculation 
omitting the configuration interactions, and retains 
.....,35% 3s3p42p character. Interaction with 3s3p42p is 
mainly responsible for a large downward displacement 
of the 3s23p2ep)3d 2p term (near 106000 cm- I

, with 
17% 3s3p4 2p composition), a large upward displacement 
of the ep)4d 2p term (near 159 000 cm -1, with --24% 
3.s3p42p composition), and smaller upward displace
ments of other higher 3s23p2nd levels. The term names as 
given here, which are consistent with this interpretation 
based on Cowan's recent calculations. involve an inter
change of the previous 3s 3p4 2p and 3s23p2 ep)4d 2p des
ignations. The nominal 3s23p2 ep)3d 2p and eD)3d 2p 
terms, given here as designated by Pettersson, have ei
genvectors with almost equal mixtures of these two 2F 
terms. 

The overall agreement between Cowan's predicted 
even levels and the experimental positions is quite satis
factory. The 3s23p2eO)3d 281/2 level given by Pettersson 
at 151 651.72 cm -1 is an exception, the calculated posi
tion being 22 cm -1 below the ep)5s 4p 1/2 level (experi
mental value 150258.51 em-I). The eigenvectors 
belonging mainly to eO)3d lS1/2 and 3s3p42

81/2 have 
strong mutual mixtures, as may be seen from the percent
ages for the 3s3p428112 level at 119783.77 cm- I . The 
nominal eO)3d 28112 eigenvector also has a 21 % 
ep)5s 4Pl12 component, however, because of the acciden
tal c1osene!il!'ol. of the calculated po~ition!'ol. of the~e two lev
els; since this mixture would not occur for the relatively 
large experimental separation of the eD)3d 281/2 and 
ep)5s 4P1/2 levels given by Pettersson, we have omitted 
the calculated percentages for both levels. 
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Sn 
-

Configuration Term J Level (em-I) 

3sZ3p 3 4So 3/2 0.00 100 

3823p 3 2J>o 3/2 14852.94 100 
5/2 14884.7/J 100 

3823p 3 2p. 1/2 24524.83 99 
3/2 24 571.54 98 

apr. 2.,-

383p4 4p 5/2 79395.39 85 1:1 :18 2:11' 1,(lIP>!1d 4p 
3/2 79756.83 85 l!I 

1/2 79962.61 85 1:1 

383p4 2J> 3/2 97890.74 67 26 :181.al'~ln)ad 2D 
5/2 97 918.86 67 26 

382Sp2(olp)3d 2p 3/2 105599.06 72 17 :18al' 4 2p 
1/2 106044.24 71 17 

3s23p2(olp)4s -ip 1/2 109560.69 99 
3/2 109831.59 99 
5/2 110268.60 100 

3s23p2(olp)3d -iF 3/2 110177.02 98 
5/2 110313.40 98 
7/2 110508.71 98 
9/2 110766.56 98 

3823p~3p)4s 2p 1/2 112937.57 95 2 a82ap~3p)ad 2p 
3/2 113461.54 96 

3823p2(3P)3cl 4n 1/2 114162.30 99 :18 2:1p 2(3P>4d 4D 
3/2 114200.54 99 
5/2 114231.04 98 
7/2 114279.33 97 &zap~lD)3d 2F 

3s23p2(olp)3d ~ 5/2 114804.37 49 49 3s23p2(lD)3d ~ 
7/2 115285.61 47 49 

3s3p4 !g 1/2 119783.77 62 37 3s23p~lD)3d !g 

3s23p~ID)4s 2J) 3/2 121528.72 98 as 23p 2(Sp)3d 2J) 
5/2 121530.02 99 

3823p~P)4p !go 1/2 125485.29 98 2 as23p~3p)5p !go 

3823p~ID)3d 'G 7/2 127127.10 100 
9/2 127 128.35 100 
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8 n - Continued 

Configuration Term J Level (cm -1) Leading percentages 

3s23p~3p)4p 4DO 1/2 127825.08 99 
3/2 127978.31,. 98 1 3s23p~3p)4p 4po 

5/2 128233.20 98 1 " 
7/2 128599.16 99 

3s23p2~p)4p 4po 1J2 129787.83 99 
3/2 129858.18 89 8 3s23p~3p)4p 480 

5/2 130131,..16 94 4 3s23p~3p)4p ~o 

3s23p~3p)3d 4p 5/2 130602.21 85 10 3s3p44p 
3/2 130818.85 85 11 " 
1/2 130948.94 85 11 " 

3s23p2(3p)4p ~~ 3/2 13061,.1.11 88 10 3s23p~lD)4p ~o 
5/2 131187.19 88 9 " 

3sZ3pZ(3P)4p 480 3/2 131028.85 89 9 3s23p~3p)4p 4po 

3s23p~3P)4p 2po 1/2 133268.68 91 6 3s23p~lD)4p 2po 
3/2 1333.9.9.97 90 ~ " 

3s23p~3p)3d ~ 3/2 133360.86 82 10 3s23p~18)3d ~ 
5/2 133814.84 83 9 " 

3s23p~18)4s 28 1/2 136328.79 95 2 3s23p2eD)3d 2g 

3s23p~lD)3d 2F 5/2 138509.17 42 44 3s23p~3p)3d ~ 
7/2 138527.98 42 44 " 

3s23p2eD)3d 2p 1/2 139844.99 90 3 3s23p~3p)3d 2p 
3/2 140016.77 90 4 3s3p42p 

3s23p~lD)4p 2Fo 5/2 11,.0230.10 97 3 3s23p~lD)4p ~o 
7/2 11,.0319.23 100 

3s23p~lD)4p ~o 5/2 11,.0708.89 86 10 3s23p~3p)4p ~o 
3/2 11,.0750.31,. 88 10 " 

38 2Sp 2eD)4p 2p~ 1/2 143488.95 91 6 3sZ3pZ(3P)4p zpo 
3/2 11,.3623.58 89 8 n 

3s23p2(1D)3d ~ 5/2 144 009.42 64 14 3823p2(18)3d ~ 
3/2 144 142.16 64 14 383p4~ 

3s3p4 2p 3/2 145505.74 35 42 3s23p2(3p)4d 2p 
1/2 14.5877.66 S6 42 " 

3s23p~18)3d ~ 5/2 148886.57 64 14 3s23p~3p)4d ~ 
3/2 148900.91 64 15 " 

3s23p~3p)5s 4p 1/2 150258.51 
3/2 150531.31 98 2 as 23p 2(3p)5s 2p 
5/2 150996.41 99 1 3s 23p2(3p)4d 4p 

3s23p¥P)5s 2p 1/2 151383.81 97 1 3s23p2(3p)4d 2p 
3/2 151910.83 96 2 3s 23p 2(3p)5s 4p 

3s23 1D)3d 28 1/2 151651.72 

J. Phys. Chem. Ref. Data, Vol. 19, No.4, 1990 
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8 n - Continued 
< 

Configuration Term J Level (em-1) Leading percentages 

3823p2(8p)4d 4F 3/2 151959.69 96 2 38 23p2(3p)4d 4n 
5/2 152094.64 95 3 " 
7/2 152305.00 94 4 " 
9/2 152615.46 98 1 3823p~3p)3d 4F 

3823p¥P)4d 4n 1/2 153153.90 99 1 3823p~3p)3d 4n 
8/2 153201.95 97 2 3823p~3p)4d 4F 
5/2 153283.07 95 3 " 
7/2 153413.74 95 4 " 

3823p2(Sp)4d 4p 5/2 155818.71 94 2 383p44p 
3/g 156029.54 94 2 " 
1/2 156148.48 94 2 /I 

3823p2(Sp)4d 2p' 5/2 156121.70 78 12 3823p2(l n)4d 2p' 
7/2 156604.17 79 11 

,. 

3823p2(18)4p 2po 1/2 156167.04 85 5 3823p2(3p)5p 280 

3/2 156276.83 92 5 3823p~ln)5p 2p0 

3823p2(8p)5p 4n° 1/2 156829.75 95 4 3823p~3p)5p zgo 
8/2 156939.50 92 6 3823p~3p)5p 4po 
5/2 157173.69 92 6 " 
7/2 157558.77 99 

3823p2(3p)5p 4po 3/2 157579.68 55 37 3823p2(3p)5p 48° 
1/2 157677.32 95 3 3823p~3p)5p 280 

5/2 158038.60 90 7 3823p~3p)5p 4n° 

3823p¥P)5p 480 3/2 158118.75 51 37 3s 23p2(3p)5p 4po 

3s23p~3p)5p ZO° 3/2 158215.59 86 9 3s23p~3p)5p 480 

5/2 158715.46 94 4 3s23p~3p)5p 4po 

3823p~3P)4d 2p 3/2 158828.31 43 22 3s3p42p 
1/2 159283.66 50 25 

/I 

as23p~3p)4d 2J) 5/'1. 159492.83 73 9 as 23p 2(3p)5d 2J) 
3/2 159495.94 62 8 3s23p 2(3p)5d 2p 

3823p2(3Po)4f Z[3r 5/2 160104.11 95 or 44 3s23p2(3p)4f4Go 
7/2 160128.90 91 or 57 as Z3pZ(3P)4f 4D" 

3s23p¥Pt>4f Z[3r 5/2 160258.03 99 or 52 3s23p~3p)4f 400 

7/2 160 28.4.2.4 93 or 41 
/I 

3823p¥P1)4f 2[4r 9/2 160442.67 94 or 74 3s23p~3p)4f 400 

7/2 160483.16 90 or 57 as zap~3p)4f 200 

3s23p2(3p1)4f 2[2r 3/2 160462.24 86 or 46 3s23p~3p)4f ZO° 
5/2 160467.51 84 or 70 3s23p~3p)4f 4n° 

3823p¥Pz)4f 2[1]" 3/2?} 160733.68 99 or 52 3s23p 2(3p)4f 4n° 

1/2? 99 or 100 
/I 

3823p2(3Pz)4f 2[5]" 11/2 160828.69 99 or 100 3823p~3P)4f 400 

9/ 2 160920.95 98 or 80 3823 ~3p)4 200 f 
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ENERGY LEVELS OF SULFUR, S I THROUGH S XVI 837 

8 n - Continued 

Configuration Term J Level (em-I) Leading percentages 

3s23p~3P04f 2[2r 3/2 161 221.05 85 or 88 3s23p~3p)4f 4Fo 
5/2 161253.J,.7 70 or 74 " 

3s23p2(3P04f 2[4r 7/2 161329.65 80 or 88 3s 23p~3p)4f 4Fo 
9/2 161360.19 94 or 91 " 

3s23p2(3P04f 2[3r 5/2 161386.J,.5 79 or 76 3s23p~3p)4f 2Fo 
7/2 161 J,.5J,..96 79 or 91 " 

3s23p~ID)5s ~ 5/2 161733.10 99 1 3s23p~ID)4d 2D 
3/2 161737.99 99 1 " 

3323p2eD)4d 2G 7/'/. 164 181.17 87 10 3323p~lD)4d 2p 
9/2 164268.79 100 

3s23p~ID)4d 2F 5/2 164 232.36 65 25 3s23p~3p)5d 2F 
1/2 164337.61 59 19 " 

3s23p~3p)6s 4p 1/2 165719.23 95 5 3s23p~3p)6s 2p 
3/2 165991.35 95 5 " 
5/2 166479.82 99 1 3s23p~3p)5d 4p 

3s23p~ID)4d 2p 1/2 166151.61 80 17 3s 23p~3p)5d 2p 
3/2 166185.47 63 18 " 

3s23p2(3p)6s 2p 1/2 166331.19 94 5 3s23p2(3p)6s 4p 
3/2 166862.71 93 4 " 

3s23p~3p)5d 4F 3/2 166591.08 79 13 3s23p2(lD)4d 2p 
5/2 166709.27 87 11 3s 23p~3p)5d 4D 
7/2 166918.27 85 13 " 
9/2 167269.15 98 1 3s23p~3p)4d 4F 

3s23p2(3p)5d 4D 1/2 167254.84 98 1 3s23p~ID)4d 2p 
3/2 167291.84 91 5 3s23p2(3p)5d 4F 
5/2 167364.98 83 11 " 
7/2 167 575.23 86 13 " 

Ss23p~lD)4d 2D 3/2 167472.42 1:!3 6 3s23pi:8p)5d 2IJ 
5/2 167506.39 80 7 " 

3s23p2(3p)5d 4p 5/2 168217.10 89 5 3s23p2(3p)5d 4D 
3/2 168397.89 94 3 " 
1/2 168490.43 96 1 3s 23p 2(3p)6cl 4p 

3823p2(ID)5p 2Fo 5/2 1GB J,J,.9.11, 98 1 Sg2Sp2(ID)5p 2n0 
7/2 168 J,.73.J,.8 100 

3s23p2(lD)4d 28 1/2 169109.54 80 6 3s23p2(lD)5d 2g 

3823p~Sp)5d 2F 5/2 169283.54 62 15 3s23p~ID)4d 2F 
7/2 169702.32 72 14 " 

3823p2(3P)5d 2p 3/2 169340.39 37 28 3823p2(sp)5d 2]) 
1/2 169687.52 66 12 3823p2(ID)4d 2p 

3s23p2(Bp)5d ~ 3/2 169922.27 49 24 3s23p2(sp)5d 2p 
5/2 170015.23 70 6 3s23 ~sp)6d ~ 
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838 MARTIN, ZALUBAS, AND MUSGROVE 

S n - Continued 

Configuration Term J Level (em-I) Leading percentages 

Sg23p2(3Po)5f 2[3]0 0/2 1'10 25~.81 97 or 61 3s 23p2(3p)5f 400 
7/2 170298.18 97 or 29 Ss23p2(3p)5f 4Do 

Ss23p 2(3Pl)5f 2[3]0 °/2 170J,.97.03 98 or 49 Ss 23p2(3p)5f 200 
7/2 170504.91 97 or 58 Ss23p2(3p)5f 4Do 

Ss23p2(3pv5f 2[4r 9/2 170587.24 97 or 66 Ss 23p 2(3p)5f 400 
7/2 170820.00 93 or 50 Ss 23p 2(3p)5f 2(}0 

Ss28p2(3po)5g 2[4] 7/2 170621.45 
9/2 170621.87 

Ss28p2(3Pl)5f .2[2]0 3/2 170847.95 95 or 36 Ss 23p2(8p)5f 200 

°/2 170883.13 93 or 56 Ss23p 2(3p)5f4DO 

&28p~Pl)6g !f4] 7/Z 170 872.2u 
9/2 170872.45 

Ss28p2(3Pl)5g 2[5] 11/2 170935.64 
9/2 170986.19 

Ss28p2(3Pv5g 2[8] 6/2 170950.25 
7/2 170950.51 

SsZ8p2(ll>2)4f 2[4r 9/2 170985.87 50 or 50 SsZ3p2(lD)4f 2(}0 
7/2 171007.91 97 or 97 '" 

Ss28p2(8p~5f ~1:1r 3/2?} 171000.19 99 or 50 Ss23p2(3p)5f 4Do 

1/2? 99 or 100 '" 

Ss23p2(3p~5f 2[5r 11/2 171015.84 99 or 100 Ss23p2(3p)5f 400 
9/2 171125.40 49 or 48 Ss23p2(lD)4f2(}0 

Sg23p2(3PiV5f 2[2]0 8/s:. 171182.87 9~ or 70 3s23p 2(3p)5f 4Fo 

°/2 171204.27 82 or 57 " 

Ss23p2(11)2)4f 2[3]0 °/2 171188.98 99 or 100 Ss23p2(lD)4f 2Fo 
7/2 171189.39 w or 100 

N 

Ss23p2(3Pi)5f 2[4]0 7/2 171 283.87 79 or 81 Ss 28p2(3p)5f 4Fo 
9/2 171 281.29 96 or 83 " 

Ss28p2(3Pi)5f 2[3r °/2 171304.92 85 or 64 Ss23p2(3p)5f 2Fo 

7/2 171858.18 77 or 84 " 

Ss28p2(3p~5g 2[6] 13/2 171420.85 
11/2 171421.02 

&28p2(9p~5g 2[5] 11/2 171495.44 
9/2 

Ss23p2(1Di)4f 2[2r 3/2,°/2 171 778.88 99 or 100 Ss23p2(lD)4f 200 

Ss23p2(IDi)4{ 2[5]0 9/2,11/2 171821.87 99 or 100 Ss23p~lD)4{ 2Jio 

9.q2S. 2(1~ f 1 0 l/s3/s 1 '1~ lJGlJ. '11 QQ 01" 100 &:2a 2(lD)4 2po f 
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ENERGY LEVELS OF SULFUR,S I. THROUGH S XVI 839 

S n - Continued 

Configuration Term J Level (cm -1) Leading percentages 

38 23p 2(3p)7 s 4p 1/2 173316.83 89 10 3s 23p 2(3p)7 s 2p 
3/2 173595.77 92 8 " 
5/2 174098.10 98 1 3s23p2(3p)6d 4F 

3s 23p2(3p)7 s 2p 1/2 173749.01 89 10 3s23p2(3p)7s 4p 
3/2 174274.52 84 7 " 

3823p2(3p)6d 4D 1/2 96 2 3s 23p2(3p)6d 2p 
3/2 174329.31 76 9 3s 23p 2(3p)6d 4F 
5/2 174360.92 61 20 " 
7/2 75 24 " 

2s 22p2(3p)6d 4F 3/2 88 9 3s23p2(3p)6d 4D 
5/2 75 20 " 
712 74 23 II 

9/2 174529.27 99 1 3s 23p 2(3p)5d 4F 

3s23p2(3p)6d 4p 5/2 174892.75 78 17 3s 23p2(3P)6d 4D 
3/2 175019.78 80 8 3s23p 2(3p)6d 2p 
1/2 175083.51 95 2 3s 23p2(3p)6d 4D 

3s23p2(3p~6f 2[5r 11/2 176559.81,. 
9/2 176611,..70 

3823p2(3p~6f 2[4r 7/2 176701.13 
9/2 176712.51 

3823p2(1D)6s 2D 5/2 177076.28 99 1 3s23p2eD)5d ~ 
3/2 177077.02 99 1 " 

3823p2(1D)5d 2Q 7/2 178 173.39 89 9 3s23p2eD)5d 2F 
9/2 178240.64 

3823p2(3p)7 d 4D 1/2 
3/2 
5/2 178344.36 
7/2 

as 23p2(3p)7 d 4p 5/2 178848.96 
3/2 178915.20 
1/2 178969.32 

as 2Sp 2(3piJ7 f ~5r 11/2 179899.86 
9/2 

3823p2eD~5f ~4r 7/2,9/2 18131,.0.51 99 or 100 3s23p2(1D)5f 2Go 

3s23p2(1D~5f 2[3r 5/2,7/2 1811,.57.92 99 or 100 3s23p2(1D)5f2FO 

3s23p2(1D~5f 2[5r 9/2,11/2 181 732.01,. 99 or 100 3s23p2eD)5f 2Jio 

3s23p2eD~5f 2[2r 3/2,5/2 181 770.1,.0 99 or 100 3s23p2eD)5f ~o 

3823p2eD~5f ~lr 1/2,3/2 182120.1,.7 99 or 100 3823p2eD)5f 2po 

3823p2eD)7s 2D 3/2,5/2 184642.76 99 1 3s23p2eD)6d 2D 

3s23p2(1So)4f 2[3r 5/2,7/2 187205.63? 100 or 100 3823p2(1S)4f 2Fo 
........ ............. ........ ........ .... ... ..................... 
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S n - Continued 

Configuration Term J Level (em-I) Leading percentages 

S m (3PO) Limit 188232.7 

S m (3Pl) Limit 188531.6 

S m (3p0 Limit 189066.0 

SmctD0 Limit 199555 

S m ctSo) Limit 215394 
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ENERGY LEVELS OF SULFUR, S I THROUGH S XVI 841 

Sm 

Z=16 

Si I isoelectronic sequence 

Ionization energy 280 600 cm-I (34.79 eV) 

The analysis of this spectrum has been carried out 
mainly by Ingram [1929], Gilles [1931], Hunter [1934], 
and Robinson [1937]. Kaufman has obtained more accu
rate wavelengths for most of the classified lines in the 
677 -1202 A region from spectrograms taken with the 
NIST lO.7-m normal-incidence spectrograph. Smith et 

a1. [1984] accurately measured the two 3sl3pl 
3PZ•I -3s3p 3 sSilines, which Moos et a1. [1983] frrst iden
tified in the spectrum of the plasma torus associated with 
10 (a moon of Jupiter). 

We evaluated the levels of the 3s23p2 ground configu
ration from the wavelengths of forbidden lines observed 
in astronomical nebulae spectra. The 3PO_3PI interval is 
from Graf [1988] and Colgan et a1. [1990], and the 
3p 1 - 3P2 interval is from Baluteau et a1. [1976], the esti
mated uncertainties being ±0.02 and ±0.01 cm-I, re
spectively. The ISo and 102 levels were evaluated by 
using the 3p1_ ISO and 102_ISO wavenumbers, with re
spective uncertainties of ±0.7 cm -1 [Bowen,196O] and 
±0.1 cm-1 [Bowen, 1955]. 

We have reevaluated the levels of the excited configu
rations using the available data and the 3s23p 2 level val
ues given here. The estimated wavelength uncertainty of 
the 3s3p 3 sSi lines [Smith et a1., 1984] indicates an error 
of less than 0.15 cm -1 for this level. The positions of 
most of the other excited-configuration levels relative to 
the ground configuration are based on Kaufman's mea
surements; in most cases the uncertainty is probably less 
than 1 cm -1. The relative positions within the group of 
higher levels given tu two decimal places are from 
Hunter, and the 3s23p4s Ipo and 3s23p5s 3po levels are 
also determined relative to this group [Hunter, 1934; 
Robinson, t 937]. Kaufman's mea.<alTement.s place this en
tire group of levels 1.0 em -I higher than the connection 
adopted by Robinson. The 3s3p 3 IPi and 3s23p5s Ipi lev
els are based on the older measurements of Robinson or 
Bloch and Bloch and may have errors of several em-I. 

The eigenvector percentages for the 3s 3p 3 and 
3s23p3d levels are from Fawcett's calculation, which in
cluded the 3s3p 3, 3s23p3d, 3s23p4s, 3s3p3d2

, and 3p 33d 
configurations with their interactions. Fawcett's results 
support the designation 3s23p 3d 102 for the level at 
104159 em-I, this change from the former 3s3p 3 IOi 
designation having been proposed by Ho and Henry. 
Our new tentative value of 151978.9 cm-I for the nomi
nal 3s3p 3 102 level is based on the classification of a 
strong line at 710.951 A [Kaufman, 1971] as the 3s23p2 
ID2-3s3p 3 102 transition. Beyer et ale [1973] and Ou
mont et a1. [1978] assigned this line to S IlIon experimen-

tal evidence, and the resulting 3s3p 3 102 position is only 
762 cm-I below Fawcett's calculated value. The experi
mental lifetime measured by Oumont et ale is roughly 
consistent with the. oscillator strength of the proposed 
transition as calculated by Fawcett and by Ho and 
Henry. 

We derived the ionization energy by extrapolating the 
accurately known behavior of the quantum defects for 
the 3s23p 4s and 5s series in Si I and P II. The available 
calculations for Si I, P II, and S III indicate, at most, small 
perturbations of these series due to configuration interac
tions. The consistency of the series extrapolations indi
cate~ that the adupted iunization energy is probably 
accurate within a few hundred cm -1. The value here 
agrees well with the value 280 900 cm -I obtained by 
Edlen [1964] using a semiempirical isoionic method. 
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8m 

Configuration Term J Level (em-I) Leadi 

3823p2 lip 0 0.00 
1 298.69 
2 833.08 

3823p2 In 2 11322.2 

3823p2 18 0 2:1160.5 

383p 3 5so 2 58671.92 99 

383p 3 3n° 1 84018.9 81 Hi :lIr tl!l,,:kL :In° 

2 84046.5 81 lfi 
3 84099.1 81 Hi 

383p 3 3p0 2 98744.8 77 HI :l.!t ~:I" :111 :Ipo 
1 Da'lGS.!} 78 HI 

0 78 19 

3823p3d In° 2 104158.7 61 :14 :IN :&" It I I)-

383p 3 lpo 1 136841.0 68 2M :lH 2:1,. :111 I p. 

383p 3 ago 1 138066.6 92 

3823p3d 3po 0 143096.91 61 
1 143117.19 63 21 
2 143124.93 66 

3823p4s 3po 0 146697.19 
1 146737.54 
2 147147.00 

3823p3d ano 1 147551.32 69 14 :IH2:1,,:1d llpo 

2 147691.99 61 21 :1N 2:Jp48 :Ipo 

3 147745.54 79 16 :18:1,,3 :11)0 

3823p4s Ipo 1 148398.8 

383p 3 In° 2 151978.9? 59 

3823p4p an 1 169771.04 
2 170068.31 
3 170649.94 

3823p4p 3p 0 172632.27 
1 172786.77 
2 173192.73 

3823p4p 3S 1 174037.19 

3823p4d 3Fo 2 204579.89 
3 205071.75 
4 205561.67 

3823p4d ano 1 206539.87 
2 206672.61 
3 206911.97 
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S m - Continued 

Configuration Term J Level (cm- I ) Leading percentages 

3823p5s 3po 0 20977#.# 
1 209927.1 
2 210698.6 

3s23p5s Ipo 1 211 327.8 
....................... .............. ....... . .................... 

S IV (2Pi/~ Limit 280600 
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SlY 

Z=16 

AI I isoelectronic sequence 

Ionization Energy 380870 ± 100 cm-1 (47.222 ± 0.012 eV) 

The values of all levels above the 3s23p ground config
uration are taken from an ongoing analysis of S IV by 
Joelsson et al. [1989]. These investigators have observed 
the spectra of sliding-spark and beam-foil sources over 
the 100-7000 A region and classified some 700 lines as 
S IV transitions. The estimated errors of most of the lev
els with respect to the 3s23p 2po ground-term levels are 
less than ± 1 cm -1, and the relative values of many of the 
levels are accurate within ±0.2 cm- t or less. 

Joelsson et ale obtained a value of 951.2 cm-t for the 
3s23p 2P:n - 2p;n ground term splitting. This value is 
consistent with the more accurate value given here, 
which is from unpublished measurements of the corre
sponding forbidden line as observed in planetary-nebulae 
spectra [Lacy, 1989; see Rank et al. for details of a less 
accurate earlier astronomical determination]. The esti
mated uncertainty of Lacy's value is ±0.01 cm- t

• 

Joelsson et al. derived the quoted ionization energy by 
assuming a value for the quantum defect of the 3s25g 20 
term based on extrapolation from Si n and PIn. 

Reistad and Engstrom have carried out calculations 
for the S IV configurations of both parities using matrices 
that included the major expected configuration interac
tions. The eigenvector percentages here are from their 
results. The large 3s2nd 2D components in the eigenvec
tors of the 3s3p2 20 and 3s3p4p 20 terms are notable, as 
are the strong 3s3p3d 200 and 2po contributions to the 
.eigenvectors of the 3p 3 2Do and 2po terms, respectively. 
Most of the calculated 3s3pepO)3d 2po composition is 
distributed as large second percentages in the eigenvec
tors of the three lowest 2po terms (near 242 000. 257 700. 
and 277600 cm- I

). The leading percentages for both of 

the higher two of these terms arise from 3s2eS)4f 2Fo. 
We have designated these higher two terms only as 
"b Ipo" and "c Ipo" and thus omitted both 3s3pctPO)3d 
2po and 3S2(lS)4f 2po as names. 

Most of the published calculations for 5 IV were car
ried out mainly in connection with oscillator strengths 
for various lines; some references for such calculations 
are given below. 
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unpublished material. PT. The unpublished results used here are 
from Reistad and Engstrom's extensions of the calculations as de
scribed in the published paper. 

Smitt, R.., Svensson, L. A., and Outred, M. [1976], Phys. Scr. n, 
293-307. EL W 

SIV 

Configuration Term J Level (em-I) Leading percentages 

3s2(18)Sp 2p0 1/2 0.00 96 2 Sp32po 
3/2 951.J,.3 96 2 " 

3sSp2 4p 1/2 71184.5 99 
3/2 71528.2 99 
5/2 72074.2 99 

3sSp2 2D 3/2 94103.3 82 16 3s 2(18)&1 2J) 
5/2 94150.3 82 16 " 
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8 IV - Continued 

Configuration Term J Level (cm-1) Leading percentages 

3s3p2 28 1/2 123509.5 97 2 3s (28)3d ~18) 28 

3s3p2 2p 1/2 133619.6 95 3 3p 2en)3d 2p 
3/2 134245.6 95 3 

II 

3s~18)3d 2I) 3/2 152 133.2 80 15 3s(28)3p2en) 2n 
5/2 152146.8 80 15 II 

3s~18)4s 28 1/2 181448.2 96 3 3p 2(18)4s 28 

3p 3 2J)0 3/2 185055.2 59 40 3s3p(3po)3d 2n° 
5/2 1851-'18.0 59 .40 1/ 

3p 3 480 3/2 196455.4 99 1 3p(2pO)3d2(3p) 480 

3s3p(3po)3d 4Fo 3/2. 203442.1 100 
5/2 203632.8 100 
7/2 203906.3 100 
9/2 204265.7 100 

3p 3 2po 3/2 211366.6 63 19 38 3p(3po)3d 2po 
1/2 211376.6 62 19 II 

3s2(18)4p 2po 1/2 213514.7 83 10 3p S2po 
3/2 213725.3 85 8 1/ 

3s3p(3po)3d 4po 5/z fJfJfJ 198.3 98 1 as3p(3po)3d 4n° 
3/2 222488.6 98 1 II 

1/2 222692.4 99 

3s3p(3po)3d 4n° 1/2 224342.7 99 
3/2 224435.6 98 1 383p(3po)3d 4po 
5/2 224539.3 98 1 " 
7/2 224617.3 99 

3s3p(3po)3d 2J)o 5/2 233610.4 43 31 3s3p(lpo)3d 2n° 
3/2 233641.9 43 31 II 

3s 3p (3pO)3d 2Fo 5/2 241 646.0 66 31 3s3p(lpo)3d ~o 
7/2 242421.4 66 32 II 

3s~lS)4d 2I) 3/2 255396.1 95 3 3p 2(lS)4d 2n 
5/2 255400.1 95 3 II 

b 2Fo 7/2 257611.0 52 3s 2(18)4f ~o 26 3s3P51PO)3d 2Fo 
5/2 257742.6 53 1/ 

26 

3s3p(3po)4s 4po 1/2 263097.3 99 
3/2 263448.1 99 
5/2 264067.7 99 

3s3p(3po)3d 2po 3/2 264882.8 74 18 3p 32po 
1/2 285055.1 74 17 II 

3s3p(3po)4s 2po 1/2 270826.7 88 4 3s3p(3po)3d 2po 
3/2 271436.7 88 4 3s2eS)5p 2p0 

3s2(18)5s 2g 1/2 271020.9 100 
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8 IV - Continued 

Configuration Term J Level (cm-1) Leading percentages 

c 2Fo 7/2 277590.0 44 3s 2(IS)4f 2Fo 36 3s3p(1PO)3d 2Fo 
5/2 277682.9 43 " 36 " 

3s3p(lpo)3d 2p0 3/2 2786.42 . .4 81 5 3p S2po 
1/2 278676.7 84 5 " 

3s3p(1PO)3d ~o 8/2 281093.2 62 15 3s3p(SpO)3d ~o 
5/2 281 231..4 64 15 " 

3s2(1S)5p 2p0 1/2 285122.2 91 4 3s3p(8po)4s 2p0 
3/2 285296.0 90 5 " 

3s 3p(8po)4p 2p 1/2 292569.2 66 32 3s3p(SpO)4p 4D 
8/2 292893.9 68 30 " 

383p(3po)4p 4n l/Z 293310.8 68 31 &8p(llpo)4p 9.p 
3/2 293463.1 70 28 " 
5/2 293736.6 99 
7/2 294282.4 99 

3s3p(Spo)4p 4p 1/2 297397.1 99 
3/2 297 592.7 93 6 3s3p(spO)4p 48 
5/2 298010.3 99 

3s3p(3p°)4p 4S 3/2 299369.3 94 6 3s3p(3po)4p 4p 

3s3p(3po)4p ~ 8/2 301109.8 60 39 3s2e8)5d 2D 
5/2 301576.4 51 47 " 

3s2(18)5d ~ 3/2 303337.8 59 38 3s3p(SpO)4p 2n 
5/2 303480.1 50 46 " 

3s3p(sp0)4p 28 1/2 308761.0 90 8 3s2(18)6s 28 

3s3p(lp0)4s 2po 1/2 308939.3 89 6 3s 2(18)6p 2po 
3/2 308996.2 90 5 " 

302(lS)5g 2Q 9/z 309920.6 
7/2 309920.9 

3s2(18)5f 2Fo 7/2 31135.4.3 96 2 3s3p(lpo)3d 2Fo 
rit2 311 3~6.3 96 2 " 

, 3s2(18)68 28 1/2 311 500.6 91 8 3s3p(3po)4p 28 

3p2(3p)3d 4F 3/2 315733.7 96 4 3s3p(3po)4f 4F 
5/2 315922.5 96 4 " 
7/2 316182.9 96 4 " 
9tz 316510.9 96 4 " 

3s2(18)6p 2p0 1/2 318609.3 94 5 3s3p(lpO)4s 2p0 
3/2 318639.2 94 5 " 

3s2(18)6f ~o 5/2 332638.6 97 2 3s3p(3po)4d ~o 
7/2 33264,4.6 97 2 " 

3s2(18)7s ZS 1/2 332965.6 98 2 3s3p(lp0)4p ZS 
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8 IV - Continued 

Configuration Term J Level (em-I) Leading percentages 

as 3p(3pD)4d 4nD 1/2 336255.3 99 
3/2 338297.0 96 2 3s3p(3pD)4d 4Fo 
5/2 338358.2 94 4 n 

7/2 338538.8 95 4 n 

3s2(18)7p 2p0 1/2 338736.0 99 
3/2 338780.8 98 1 3s3p(3po)4d 2n° 

3s3p(3pD)4d 2nD 3/2 337030.8 79 16 3s 3p (3po)4d 4Fo 
5/2 337308.1 87 9 n 

R~Hp(3P°)4d 4Fo 3/2 fJfJ750LO 81 15 as ap(3po)4d 2n° 
5/2 337641.6 87 8 n 

7/2 337750.7 96 4 as 3p(3po)4d 4n° 
9/2 338053.1 100 

3s3p(1P°)4p 2J) 3/2 338882.9 56 29 3s 2(18)7 d 2!) 
5/2 338972.5 58 30 n 

3s3p(1p0)4p zp 1/2 339813.7 97 1 3p2(3P)4s 2p 
3/2 340000.5 95 1 n 

3s3p(3po)4d 4po 5/2 340407.1 98 
3/2 340884.4 99 
1/2 340851.2 99 

3s3p(3po)4d ~o 5/2 342171.2 79 18 3s 2ct8)7 f 2Fo 
7/2 342889.4 74 24 n 

3s3pctpo)4p 28 1/2 343826.0 92 2 3p 2ct8)4s 28 

3s3p(3po)4f ~ 5/2 345239.7 76 13 3p2(3p)3d 2F 
7/2 345368.1 76 13 n 

3s3p(3po)4d 2p0 3/2 345278.9 95 2 3s3p(BPO)3d 2po 
1/2 345624.7 95 2 N 

as ap(3pO)4f 4F 3/'1. 348948.2 85 11 as (2S)3d 2(sF) 4F 
5/2 348979.3 85 11 n 

7/2 349041.1 85 11 H 

9/2 349 139.1 85 11 N 

3s3p(3po)4f 40 5/2 352086.9 100 
7/2 352230.6 99 
9/2 352434.7 99 
11/2 352746.5 100 

3s 3p(3po)4f 4n 7/2 355665.5 97 3 3p2(3P)3d 4n 
5/2 355942.4 97 3 It 

3/2 356172.2 97 3 " 
1/2 356241.8 97 3 " 

3s3pctp°)4d 2J)0 3/2 380576.4 98 
5/2 380599.1 98 

- ............................ '" ...... "' .... '" '" ................. '" ... 
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S IV - Continued 

Configuration Term J Level (em-I) Leading percentages 

S V 3s2(18o) Limit 380870 

3s3p(lpo)4f 2F 5/2 391426.5 90 8 3s (2S)3d2(SF) 2F 
7/2 391442.7 90 8 " 

S V 3s3pCSP3) Limit 463894 

S V 3s3pCSPn Limit 464263 

S V 3s3pCSPi) Limit 465025 

S V 383p(IPU Limit 508021 

J. Ph,s. Chern. Ref. Data, Vol. 19, No.4, 1990 



ENERCV LEVELS OF SULFUR, S I THROUCH S XVI 849 

Sv 

Z=16 

Mg I isoelectronic sequence 

Ionization energy 585514.1 ± 3.0 cm- I (72.5945 ± 0.0004 eV) 

The original observations and analysis of S v by 
Bowen and Millikan [1925] and Bowen [1932] were sig
nificantly extended in several papers published during 
the period 1970-1978 (see Dynefocs and Martinson, 
[1978] and references therein). More recently Joelsson, 
Zetterberg, and Magnusson [1981] obtained a much more 
complete description of this spectrum usina; a slidina; 
vacuum-spark source. The levels here are from their pa
per, which gives about 385 classified lines covering the 
region 187 - 6729 A. 

Joelsson et al estimated the wavelength errors ""not to 
exceed 0.02 A for lines below 2000 A and 0.03 A for the 
longer wavelengths." These error estimates and the 
structure of this spectrum would imply uncertainties 
with respect to the ground level of 1.4 cm -I for the 
3s 3p 3po term and -- 3 cm -lor more for most of the 
higher levels. By applying a core-polarization formula to 
the 3snh and 3sni series, Joelsson et al determined the 
ionization limit within an estimated uncertainty of 
± 1.0 cm -I with respect to these high terms. We give 
their value for the ionization energy here with an esti
mated uncertainty of ± 3.0 cm -I with respect to the 
ground level. 

The eigenvector percentages are from calculations by 
Brage and Hibbert, who have included the major config
uration interactions for both parities. Second percent
ages such as "3snf Ipo," "3snd 30," etc., include any 
correlation-orbital contributions and/or additional con
tributions from the indicated series. 

The strong interaction of the 3p210 and 3s3d 10 
terms along the MS I sequence has been noted in connec
tion with calculations of transition probabilities [see, for 
example, Oodefroid et al, 1985]. Brage and Hibbert's 
S v calculations also give a strong mixture of the 
3p4p 10 composition into the 3snd series. They obtain a 
58% purity for the nominal 3p4p 10 level at 

460 223 cm- I
, with the nominal 3s5d 10 level at 

470229 cm-1 having a 27% 3p4p 10 component. 
We have followed Reistad et al [1984] and other au

tho.rs in dcsiguatillg the levcl at 366 862 cm -1 as 
. 3p 3d Ipo. This changed designation is required for con
sistency with several calculations and with isoelectronic 
trends. The level is supported experimentally by at lea~t 
two strong lines consistent with the 3p 3d Ipo designa
tion. We also follow Reistad et al in omitting the origi
nal 3p3d Ipo level (387 273.6 cm-I) as probably not real. 

Severa! of the 3dz and 3p4d levels of Joelsson et ale are 
inconsistent with Brage and Hibbert's calculations and 
with comparisons along the isoelectronic sequence. A 
possible interchange of the 3d2 10 and 10 levels was sug
gested by Baluja and Hibbert [1985]. We have omitted 
the 3d2 and 3p4d levels pending further analysis. 
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Sv 

Configuration Term J Level (em -I) Leading percentages 

Ss2 IS 0 0.0 96 4 3p21S 

Ss3p 8po 0 8302.4;.0 99 
1 83393.5 99 

2 84155.2 99 

Ss3p Ipo 1 127150.7 96 4 3pSd Ipo 

3p2 In 2 193739.1 69 30 SsSd In 

3p2 8p 0 199967.2 99 

1 200 370.6 99 

2 201146.0 98 

Ss3d sn 1 284 941.5 99 

2 234 947.1 99 
8 284. 956.0 99 

3p2 IS 0 235350.0 92 4 8d21S 

Ss3d In 2 2'70700.4 68 28 3p21D 

Ss4s as 1 311595.1 98 1 3p4p as 
8s4s IS 0 320108.0 97 2 3p4p IS 

3p8d Br 2 323132.6 98 

8 fJ!J!J 5.,f7.fJ 98 

4 324 080.1 

3p8d In° 2 328454.3 99 

3p3d 8po 2 345338.2 95 2 3p3d Un° 
1 345712.8 95 2 · 
0 345953.0 97 1 Ss4p apo 

3p8d sn° 1 347841.1 97 2 3p3d 8po 
2 348010.2 96 2 · a 91,8 191.5 99 

3s4p spo 0 349122.2 97 1 3p3d 3po 
1 3491G1.1 77 18 Ss4p Ipo 

2 349478.3 97 1 8p3d 3po 

3s4p ~ 

Ipo 1 349534.4 73 19 Ss4p 8po 

3p3d IFo 3 3GG 8G2.0 81 18 SsnflFo 

3s4d 3]) 1 396025.5 90 7 3snd 3n 
2 896 089.5 go 7 · 
3 396060.6 90 7 · 

Ss4d In 2 897605.2 87 9 Ssnd In 

Ss4f lIFo 2 410909.G 77 21 SsnfBr 
8 410912.1 77 21 · 
4 410918.1 

8s4f IF' 3 417984.9 69 16 3 3d IFo 
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8 v - Continued 

Configuration Term J Level (cm -1) Leading percentages 

3p4s 3po 0 420742.2 97 
1 421056.8 95 2 3p4s 1po 
2 42191,:3.1,: 97 

3p4s 1po 1 424526.0 81 11 3s5p 1po 

3pSs 38 1 428439.0 98 1 3p4p 38 

3sSs 18 0 430801.7 95 4 3p4p 18 

3s5p 3po 0 1,:45303.7 99 

1 1,:45350.5 99 
2 ,#5498.1 99 

3s5p 1po 1 1,:47925.9 8'1 10 3p4s 1po 

3p4p 1p 1 450091.5 94 5 3p4p 3n 

3p4p 3n 1 452083.8 85 8 3snd 3n 
2 452446.8 89 9 " 
3 453194.7 89 9 " 

3p4p 3p 0 457665.5 97 2 4p23p 
1 457913.5 94 2 3p4p 38 
2 458440.9 95 2 3p4p In 

3p4p 38 1 459893.7 94 2 3p4p 3p 

3p4p 1n 2 460223.4 58 37 3s5d 1n 

3s5d 3n 1 468048.2 84 8 3snd 3n 
2 468076.9 83 8 " 
3 468132.1 83 8 " 

385d 1n 2 470229.4 52 27 3p4p 1n 

3p4p 18 0 472526.1 87 3 3s5s 18 

3s5f 3Fo 2 1,:73926.0 
3 1,:73926.5 
4 - 1,:73929.5 

3s5g 1G 4 474476.8 87 5 3sng 1G 

3s5g 3G 3 474507.3 93 5 3sng 3G 
4 474515.6 91 '1 " 
5 474521.7 

3s5f 1Fo 3 1,:75802.5 

3s6s 38 1 483653.6 

3s6s 18 0 485386.8 

3s6p 3po 0 1,:90000.8 
1 1,:90022.6 
2 1,:90081,:.8 

3s6p 1po 1 1,:92706.0 
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s v - Continued 

Configuration Term J Level (em-1) Leading percentages 

386d sn 1 504296.5 
2 504305.7 
3 504310.5 

386d 1n 2 504761.4 

386g 1a 4 508218 

386g sa 3,4,5 508310 

386! sFo 2,3,4 508418 

386h SHo,lHo 4.5.5.6 509105.8 

386! 1Fo 3 5101-52 

&79 Ss 1 519999.6 

3878 1S 0 514595.2 

3s7p lp. 1 519332 

387p spo 2 520582 

387d an 1 526480.3 
2 526494.1 
3 526501.7 

387d 1n 2 526655.3 

387! sFo 2,3,4 528920 

387h Ba°,lHo 4,5,5,6 529375 

387i SI,11 5,6,6,7 529479.8 

387! 1Fo 3 529527 

3..~8.~ 3S 1 592509 

388p 1po 1 534691 

&ap Spa 2 535965 

38Sd 1n 2 540451 

3sSd 3n 3 540471 

388! 3Fo 2,3,4 542212 

388h SHo,lHo 4,5,5,6 542535 

388i sr,11 5,6,6,7 542612 

388! 1Fo 3 542615 

3898 Ss 1 544 683 

389d sn 3 550031 
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s v - COntinued 

Configuration Term J Level (cm-1) Leading percentages 

389d 1n 2 550334 

389f 3Fo 2,3,4 551320 

389f 1Fo 3 551575 

389i 31,11 5,6,6,7 551618 

3810f 3Fo 2,3,4 557842 

3811f 3Fo 2,3,4 562673 
...................... .......... .... . ...... . .................... 

S VI (2Sll~ Limit 585514.1 

S VI (2pi/~ Limit 691387.7 

S VI (2p3/~ Limit 692651.8 
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SVI 

Z=16 

Na I isoelectronic sequence 

Ionization energy 710194.7 ± 3.0 cm- I (88.0530 ± 0.0004 eV) 

The levels below the 2p618 limit are from 10elsson et 
aL, who observed some 90 8 VI lines between 152 and 
5577 A. In their paper on 8 v [see 8 v], these authors 
estimate that the wavelength errors do not exceed 0.02 A 
for lines below 2000 A and 0.03 A for lines above 
2000 A. 8imilar errors for S VI would correspond to an 
uncertainty of about 2 cm -1 for the 3p levels with re
spect to the ground level and uncertainties of several 
cm -I for some of the higher levels. The separations be
tween some of the levels having n;>4 are determined 
with uncertainties less than 1 em-I by longer
wavelength transitions. 

1oel88on et aL gave a few of the less accurate levels or 
unresolved doublet terms to the nearest cm- I only. They 
obtained the 8p and 9p level positions using series formu
lae. No nf2Fo fme-structure splittings have as yet been 
resolved in 8 VI or P v, but the 4f2po splittings are 
known to have hydrogenic values (within the experi
mental errors) for 8i IV and CI vn; the expected 8 VI 

4f2Fo hydrogenic splitting of 9.9 cm- I is thus probably 
the largest of the unresolved fme structures for the terms 
given here. 

10elsson et aL obtained the quoted ionization energy 
by fitting a core-polarization formula to the nf, ng, and 
nh terms. They also fitted Ritz formulae to the ns, np, 
and nd series and derived an ionization energy in agree
ment with the polarization-formula value within 1 cm- I

• 

The principal contribution to the uncertainty of the ion
ization energy thus probably arises from the errors of the 
higher levels with respect to the ground level; in View of 
the agreement of ionization-energy values described· 
above, our uncertainty estimate of ±3 cm -1 may be con
servative. The values of all 8 VI nl terms can be pre-

dicted within errors of this order from formulae given by 
10elsson et aL 

Dynefors and Martinson observed a number of 8 VI 

transitions (726-5290 A) from higher angular-momentum 
terms, extending up to 10k. Relatively accurate wave
lengths for such lines can be predicted from the polariza
tion-formulae term values. 

Jupen et aL [1990] have classified 22 lines observed in 
beam-foil spectra as quartet transitions belonging to the 
2p'3s 3p - 2p '3p2 and 2p'3s 3p - 2p'3s3d arrays. The cor
responding levels and eigenvector percentages given 
here are from their work. These excited-core terms have 
not yet been connected to the one-electron excitation 
system; the position of the quartet system given here is 
based on a calculated value for the 2p'3s3p 483/2 level. 
The correction "x" for this assumed connection is esti
mated not to exceed a few thousand cm-1 (absolute 
value). The errors of most of the level separations within 
the quartet system are probably less than 10 cm- I

• 
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SVI 

Configuration Term J Level (cm-1) Leading percentages 

as 2S 1/2 0.0 

"Sp 2p0 1/2 105873.6 
3/2 107 137.7 

3d 2J) 3/2 247422.5 
5/2 247455.0 
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8 VI - Continued 

Configuration Term J Level (em-I) Leading percentages 

4s 28 1/2 362988.8 

4p 2po 1/2 J,.01169.2 
3/2 J,.01627.1 

4d 2]) 3/2 451796.8 
5/2 451813.8 

4f ~o 5/2,7/2 J,.62650.1 

5s 28 1/2 504102.4 

5p 2po l/z 5fJfJ OfJ9.1 
3/2 5222J,.9.5 

5d 2D 3/2 546047.6 
&/2 546058.6 

5f ~o 5/2,7/2 551 759.6 

5g 2Q 7/2,9/2 552115.0 

6s 28 1/2 573737.7 

6p 2po 1/2 583551.3 
3/2 58367J,..1 

6d 2D 3/2 596853.0 
5/2 596861.3 

6f 2FO 5/2,7/2 600 189.J,. 

6g 2G 7/2,9/2 600418.8 

6h 2fIo 9/2,n/2 600J,.J,.8.9 

78 28 1/2 613 198.8 

7p 2po lIz 819142.9 
3/2 619218.J,. 

7d 2D 3/2,5/2 627287 

7f 2FO 5/2,7/2 629390.3 

7h 2Jfo 9/2.11/2 629563.8 

7i 21 11/2,13/2 629569.9 

8s 28 1/2 637709 

8p 2p0 1/2 [6J,.1580] 
3/2 [6J,.1631] 

8d 2D 3/2,5/2 646931 

8f ~o 5/2,7/2 6J,.83J,.3.2 

9p 2po 1/2 [6566J,.1] 
3/2 [656675] 
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8 VI --- -Continued 

Configuration Term J Level (em-I) Leading percentages 

9d 2]) 3/2,5/i 660341 

9f 2Fo 5/2,7/2 661327 

10f 2Fo 5/2,7/2 670626 
....................... .............. •• 0 •••• ..................... 

8 vn 2p 6(lSo) Limit 710194.7 

2p53s~PO)3p 48 3/2 1 399 400.0+x 96 3 2p53s(3po)3p 4p 

2p53s(3p0)3p 4D 7/2 1 412 130.9+x 100 
fi/2 1 413 680.3+x 88 6 2p°3s(3p·)3p -'p 
3/2 1 415 620.8+x 83 6 " 
1/2 1 417 934.8+x 86 5 " 

2p 53s (3pO)8p 4p 5/2 1421695.4+x 83 10 2p53s(1PO)8p 2]) 
8/2 1 422 885.2+x 56 24 " 
1/2 1424 715.9+x 88 7 2p53s(8po)3p 4D 

2p 5(2p°)3p2(8p) 4po 5/2 1 529 281.8 +x 94 5 2p 5(2pO)3p 2(3p) 4Do 

2p 5(2p°)3p2(8p) 4Do 7/2 1 540112.7 +x 100 
5/2 1541779.2+x 77 18 2p 5(2p°)3p 2(3p) 2])0 
8/2 1 542 839.6 +x 48 36 " 
1/2 

2p 5(2pO)3s3d(3D) 4po 1/2 1569543.3+x 100 
8/2 1 570 709.1 +x 96 3 2p 5(2pO)3s8d(8D) 4Do 
5/2 1 572 881.8 +x 92 6 " 

2p 5(2p0)3s 3d (3D) 4Fo 9/2 1 574 981.4 +x 100 
7/2 1 576 792.3 +x 90 5 2p 5(2po)3s8d(3D) 4Do 
5/2 1578784.8+x 83 6 " 
8/2 1 581 024.4 +x 83 8 " 

8 vn 2p53s(8P2) Limit 2081979 
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S VII 

Z=16 

Ne I isoelectronic sequence 

Ionization energy 2 266 000 ± 100 em-1 (280.948±O.012 eV) 

Ferner measured and classified most of the 2p6 

ISo-2psns and nd (J = 1) transitions observed so far for 
this spectrum (46-73 A.). The position of the 
2p'iCP3/2)4d. 'l[1/21i level is from Fawcett and Hayes' mea
surement of the corresponding line. Kononov et al. re
vised and extended the earlier analyses of the 2p 53s - 3p 
and 3p - 3d lines on the basis of new observations in the 
600-1100 A. region and calculations of the energy levels 
[Garnir et al., 1978; Garnir, 1979; Kononov et al., 1983). 
The 2p s3d -41 lines (330-377 A.) were measured and 
classified by Jupen et al. 

The 2ps3s 3Pi -IPi separation determined by 
Kononov et al. is only 18 cm-I larger than the less accu
rate value given by Ferner's measurements of the corre
sponding transitions to the 2p6 ISo ground level. We 
adopted the 2p s3s 3Pi -Ipi separation given by Kononov 
et al. and fIXed the values of these two levels so that the 
corresponding calculated wavelengths of both transi
tions to the ground level still agree with Ferner's mea
surements to the third decimal place. The resulting 
position of the 2ps3s, 3p, 3d, and 41 group of levels is 
only 13 cm-1 lower than the position adopted by 
Kononov et al. and by Jupen et al. The error of this 
connection to the ground level may be of the order of 
100 em-I. The relative uncertainties of the 2p s3s and 3p 
levels are about 3 to 7 em -I, and the 2p s3d levels have 
uncertainties of about 10 to 20 em -1 within the n = 3 sys
tem [Kononov et al.]. The combined uncertainties of the 
2ps3d levels and of the measurements of the 2p s3d-4/ 
lines [Jupen et al.] give estimated errors of about 
±25 cm- I for the 2p s4flevels relative to the n =3 sys
tem. The 2ps4s, 5s, and 4d to 7 d levels are all determined 
only by their transitions to the ground level; the higher 
levels might have errors of ±200 em-lor more. 

The leading eigenvector percentages for the 2p 53s, 3p, 
and 3d levels were calculated by Kononov et al. We 
have interchanged the former designations of the 2p 53p 
3P2 and 102 levels, this change being supported by the 
eigenvectors and by the observed relative intensities of 
the transitions from these two levels to the 2p 53s 3Pi 

level. The 2p sns and nd levels having n ;;>4 are given with 
Jl/-coupling names, in accordance with calculations for 
other spectra of this sequence; alternate LS -coupling 
names are given after the word "or" in the "Leading 
percentages" column. The Jd-coupling designations of 
the 2ps4flevels by Jupen et al. were supported by calcu
lated eigenvector purities of98% or more in this scheme. 

Bellen [1971] and Odabasi [1979] have given formulae 
for predicting ionization energies for this sequence. 
When adjusted to experimental values now available for 
Si v and CI VIII, both formulae yield the S VII ionization 
energy given here within about ±25 em-I. We also used 
the Si V and CI VIII data to obtain an interpolated value 
for the quantum defect of the S VII 2pSfP3/2)4/ 2[9/2]5 
level; this defect and the experimental level give a value 
of 2 266 040 em -I for the limit, with an estimated error 
of about ±100 em-I. Ferner derived an ionization en
ergy of 2 266 990 em -1 from the 2p 5nd series, with an 
estimated error of ±500 em-I; however, Ferner's mea
surements of the longest series, fPi/2)nd 2[3/2]i 
(n = 3 - 7), are quite consistent with the limit adopted 
here, whereas Ferner's limit would imply relatively large 
measurement errors for the 6d and 7d members of this 
series. 
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8vn 

ConfIguration Term J Level (em-I) Leading percentages 

2p 6 18 0 0 

2p53s 3p. 2 1371784 100 
1 1376207 81 19 2p53s 1p. 

0 1381805 100 

2p53s 1p. 1 1388339 81 19 2p53s 3p. 

2p53p 38 1 1466883 97 

2p53p 3D 3 1483165 100 
2 1484428 80 15 2p53p 1D 
1 1488019 74 15 2p53p 1p 

2p53p 3p 2 1492496 57 42 2p53p 1D 
0 1498631 99 
1 1500286 66 31 2p53p 1p 

2p53p 1p 1 1495849 53 25 2p53p 3D 

2p53p 1D 2 1499068 43 38 2p53p 3p 

2p 53p 18 0 1552707 99 

2p53d 3p. 0 1623623 100 
1 1 624 773 98 
2 1627260 94 4 2p53d 3D· 

2p53d 3F· 4 1630083 100 
3 1631989 79 19 2p53d IF· 
2 1635337 79 12 2p 53d ID· 

2p53d IF· 3 1637915 59 33 2p 53d 3D· 

2p 53d 3D· 1 1644 599 93 6 2p53d 1p' 
3 1645921 64 23 2p53d IF· 
2 1646 576 56 37 2p53d 1D' 

2p53d 1D' 2 1644 674 48 31 2p 53d 3D· 

2p53d 1p' 1 1662194 94 5 2p53d 3D· 

2p 5(2psd4s 2[3/21" 2 or 2p54s 3p' 
1 1820230 or n 

2p 5(2pi/04s 2[1/21" 0 or 2p54s 3p' 
1 1829760 or 2p54s 1p. 

2p 5(2ps/04d 2[1/21" 0 or 2p54d 3p' 
1 1910800 or " 

2p 5(2psd4d 2[3/21" 2 
1 1919500 or ~54d 3D· 

2p 5(2piid4f 2[3/2] 1 1927524 
2 1927669 

2p 5(2pad4f 2[9/2] 5 1928490 
4 1928559 

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek
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s vn - Continued 
= 

Configuration Term J Level (em-I) Leading percentages 

2p 5(2pstV4f 2[5/2] 3 1928791 
2 1929004 

2p 5(2ps/04f 2(1/2] 3 1929685 
4 1929732 

2p 5(2pitV4d 2[3/2]" 2 
1 1930240 or 2p54d Ip. 

2p 5(2pi/04f 2[5/2] 3 1938951 
2 1939088 

2p5epil2)4f 2(1/2] 3 1939051? 
4 1939099 

2p 5(2pstV5s 2[3/2]" 1 1998920 or 2p55s 3p. 

2p 5(2pSI2)5d 2[3/2]" 1 2046080 or 2p55d 3D· 

2p 5(2pi/z)5d 2[3/2]. 1 2055630 or 2p55d Ip. 

2p 5(2pS/z)6d 2[3/2]. 1 2113850 or 2p56d 3D· 

2p 5(2pi/z)6d 2[3/2]" 1 2123230 or 2p56d Ip. 

2p 5(2pi/z)7 d 2[3/2]" 1 2163940 or 2p~d Ip. 

•••••••••• •••••••• 0 •••• 0 •••• 0 •••••••• ...... . •• •••••••••• 0 .... .... ... 

S vm epstV Limit 2266000 

S vm (2Pi/z) Limit 2276085 

. 1 Dh"G ~h",", a",f nAtA VI\I .. ill. NI\. 4 . 1QQO 

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek
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S VIII 

Z=16 

F I isoelectronic sequence 

Ionization energy 2 651 500 cm- I (328.75 eV) 

Robinson's observation and classification of the 'b~p S 
2po _ 2s2p 6 2S resonance doublet of this spectrum near 
200 A gave a value 10080 cm- I for the 2Pi12-2P312 fme
&trncture &plitting. The value 10085 em-I adopted here 
is probably somewhat more accurate, being an average 
of the values 10084 em-I [Edlen, 1983] and 10086 cm-I 

[Curtis and Ramanujam] obtained from semi-empirical 
treatments of the isoelectronic data. Kissell and Byard 
probably observed the forbidden S vm 2s22p s 2P312-
2pi12line in the solar coronal spectrum, the wavenumber 
corresponding to their measurement being 10087 em-I, 
but Jefferies listed this observation as needing confmna
tion. 

The 'b2p62S 112 level given here is the sum of the 
adopted 'b22p s 2pi12 position and Edlen's [1983] value for 
the 2s22p s 2Pi12-2s2p6 2S112 separation. The result is 
probably accurate within about 10 cm- I and agrees with 
the 'b2p62S 112 position obtained directly from 
Robinson's measurement (503652 cm- I

) within the un
certainties. 

Trigueiros and Jupen have observed and classified 40 
lines (664-973 A) as belonging to the 2s22p43s -3p and 
3p -3d transition arrays. All the 2p43s and 2p43p levels 
given here are from their paper, with only 2p4ep)3p 2Si12 
missing. We have also taken most of the 2p43d levels 
from Trigueiros and Jupen, including all levels for 
which transitions in the above region were classified. No 
doublet-quartet intercombination lines were classified in 
this region. Most of the level separations determined 
within either of the 2s22p43/ systems (quartet or doublet) 
hy Trigueiro~ and Jupen's mea..c;urementc; are probably 
accurate within ± 10 to ±20 cm -1. 

Both the quartet and doublet 'b22p43/ systems are con
nected to the 2s22p S ground configuration through 
Ferner's measurements of 'b22p' - 'b22p43s, 3d transi
tions in the region below 65 A; the uncertainty of these 
connections and of the intersystem connection may be 
greater than 100 cm -I. The levels of the 2s22p4ep)3d 4p, 
2p, 2D, (10)3d 2S, 2p, 2D, and eS)3d 20 terms are based 
solely on transitions to the 'b22p s 2po levels. We have 
rounded the values of all these levels to the nearest 
10 cm- I because of their relatively large uncertainties 
even within the 2s22p431 quartet and doublet systems. 

The eigenvector percentages are from calculations of 
the 2s2p6+2s~p43s+2s~p43d even levels and 2s22p4Jp 
odd levels by Trigueiros and Jupen. The matrices for the 
even group included the configuration interactions, and 

J. Phys. Chem. Ref. Data, Vol. 19, No.4, 1990 

the calculations were carried out with least-squares 
adjustment of the interaction parameters. No percent
ages less than 5% were given. The calculations con
firmed the extension and revisions of the 2p43d group. 
including some revisions made earlier on the basis of 
isoelectronic regularity [references given by Trigueiros 
and Jupen]. 

Ferner classified most of the 44 lines he assigned to 
S vm (44-65 A) as 2s22p s 2po -2s22p43s, 3d transitions. 
The S vm line list given by Fawcett and Hayes has 
Ferner's wavelengths with energy-level olassifioations 
including corrections for some 2p43d transitions in ac
cord with the revised analysis of Trigueiros and Jupen. 

The positions given for the 2p4ep)3d 4pS/2 and 2P312 
levels are based on reclassifications of two lines in 
Ferner's list [Trigueiros and Jupen]. Ferner derived the 
2s2pSepO)3s 2po levels by classifying two lines near 65 A 
as the 'b2p 6 2S112-2s2pSepO)3s 2po doublet. 

We obtained a value of 2 651 300 cm -I for the ioniza
tion energy from an isoelectronic formula of the type 
used by Edlen [1971], fitted to the data through AI v. 
Cheng has carried out relativistic Hartree-Fock calcula
tions of the ionization energies for this isoelectronic se
quence. A formula for correlation corrections for 
Cheng's values (with 3 constants we evaluated using 
data for lower sequence members) gives an ionization 
energy of 2 651 730 cm -I for S VIII. We have adopted 
the average of these two predicted values, rounded to 
the nearest 100 cm -1. 

New observations of sulfur spectra including a well 
developed S VIII spectrum have been made available in 
connection with this compilation [Cohen]. The relative 
intensities of several lines in the 44-48 A region classi
fied by Ferner as 2s22p s 2po - 2822p44s, 4d transitions are 
not as expected according to the term designations of the 
upper levels. Fawcett and Hayes note some of these clas
sifications are inconsistent with their calculations of the 
spectrum in this region. We have omitted Ferner's 
2s22p44s, 4d levels pending further analysis. We give ten
tative positions for the 2p4ep)4s 2P312 and ep)4d 2Ds12 
levels; these positions are based on lines having the ex
pected relative intensities and on series regularity (as
suming the SIX 2p43Pl and 3PO levels as the respective 
limits of the S VIII 2p4ep)ns 2P312 and ep)nd 20S12 series, 
together with the above principal ionization energy). 
The experimental uncertainty in this region is several 
hundred cm -I. 
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Svm 

Configuration Term J Level (em-I) 

2s22p 5 2po 3/2 0 
1/2 10085 

2s2p 6 2S 1/2 503644 

2s22p,3p)3s 4p 5/2 1559341 
3/2 1565357 
1/2 1568870 

2s22p,3p)3s 2p 3/2 1579675 
1/2 1586537 

2s 22p 4(1 D)3.s 2n 5/z 1623377 
3/2 1623562 

2s22p,3p)3p 4po 5/2 1663529 
3/2 1665190 
1/2 1668025 

2s 22p 4(-IP)3p 4Do 7/2 1677002 
5/2 1679963 
3/2 1683313 
1/2 1 684 694 

2s22p,IS)3s 28 1/2 1688 150 

2s22p,3p)3p ~o 5/2 1 688 781 
3/2 1696125 

2s22p,3p)3p 2p0 1/2 1 689123 
3/2 1691951 

2s~p4(SP)3p 4so 3/2 1698580 

2s 22p4(lD)3p 2Fo 5/2 1 79!J !JID 
7/2 1 733 768 

2s22p4(lD)3p ~o 3/2 1 746563 
5/2 1 747665 

2s22p,1D)3p 2po 3/2 1 769 011 
1/2 1 773330 

2.922p,lS)3p 2p0 3/2 1806574 
1/2 1807269 

Leading percentages 

100 

99 

95 
99 

95 
99 

99 

99 

96 

94 
99 

99 
80 16 2s22p4(3p)3p ~o 
93 

97 

98 

82 16 2s22p,3p)3p 4Do 
60 20 2s 22p 4(3p)3p 2p0 

50 30 2s22p,1D)3p 2po 
40 34 2s22p4(3p)3p ~o 

94 

9S 

99 

99 

98 

64 35 2s22p,Sp)3p 2po 
63 34 " 

98 

93 6 2s~ ,Sp)3 2po 
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S vm - Continued 

Configuration Term J Level (cm -1) Leading percentages 

2s~p~P)3d 4D 7/2 1812370 95 
5/2 1813158 94 
3/2 1814360 94 

1/2 1815707 97 

2s22p4(-P)3d 4F 9/2 1824 865 99 
7/2 1828 045 77 20 2s22p4(3p)3d 2F 
5/2 1831532 88 6 " 
3/2 1833504 94 

2s22p4(3p)3d ~ 7/2 1834362 77 19 2s~p4(3p)3d 4F 
5/2 1839250 63 30 2s22p4(3p)3d 4p 

2s~p4(3p)3d 4p 1/2 98 
8/2 1834830 91 
6/s 1897.4.201 64 20 2g22p4(3p)9d 2F 

2s22p4(8p)3d 2]) 8/2 1842750 64 11 2s 22p,ID)3d 2]) 
5/2 1847810 78 10 2s~p'3p)3d ~ 

2s~p4(3p)3d 2p 1/2 80 18 2s~p'ID)3d 2p 
3/2 1848830? 67 16 2s22p,3p)3d ~ 

2s22p4(ID)3d 2Q 7/2 1878029 99 
9/2 1878138 99 

2s22p4(ID)3d 2g 1/2 1888410 95 

2s~p4(ID)3d ~ 5/2 1891990 89 10 2s22p,ID)3d ~ 
7/2 1892962 99 

2s~p4(ID)3d 2p 3/2 1894310 84 14 2s22p,3p)3d 2p 
1/2 1897440 79 18 

n 

2s22p4(ID)3d 2]) 5/2 1895520 79 9 2s22p4(ID)3d 2F 
3/2 1898220 85 14 2s~p4(3p)3d ~ 

2s~p4(IS)3d 21) 5/2 1 952 100 97 
3/2 1952960 96 

2s2p5CSpO)3s 2po 8/2 2038590 
1/2 2045090 

2s~p~P)4s 2p 3/2 2104420? 
1/2 

2s22p,Sp)4d 2]) 3/2 
5/2 2207900? 

....................... .............. ....... ..................... 
SIX CSP:a) Limit 2651500 
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SIX 

863 

Z=16 

o I isoelectronic sequence 

Ionization energy 3 061 300 ± 1 500 cm-1 (379.55 ± 0.19 eV) 

The 2s22p4, 2s2p s, and 2p6levels are known from tran
sitions connecting these configurations [Deutschman and 
House; Kononov; Podobedova et af.; Fawcett]. Edlen 
has evaluated these levels using a method that takes into 
account the data for the entire isoelectronic sequence. 
We have adopted his values except for the 2s22p4 ID2 
level. The value given for this level is an average of the 
2~22p4 3P2-1D2 wavenumbers obtained from mea~ure
ments of this forbidden line in solar-coronal spectra by 
Sandlin et af. and by Feldman and Doschek; the esti
mated error is smaller than 1 cm-I. The 2s22p4 3p inter
vals are probably accurate within ± 10 to ±20 cm -1, and 
the 2p s levels are probably accurate within about 
±30 cm-I. The estimated uncertainty of the 2s22p4 IS 
and 2p 6 IS levels is about ±SO em-I. 

Ferner's analysis of the 2s22p4-2s22p 33s and 3d arrays 
was extended by Fawcett et al. [1974] and Fawcett and 
Hayes [1987], the list of classified lines in the 1987 paper 
extending from 35 to 56 A. The 2s22p 33s, 3d, and 4d 
levels given here are from Fawcett and Hayes, who 
adopted Edlen's values for the 2s22p4levels in evaluating 
the upper levels. The estimated wavelength uncertainty 
of ±0.01 A corresponds to uncertainties of ±300 to 
±700 cm -1 for the upper levels. 

Most of the..~e upper levels are hased on single lines, 
and Fawcett and Hayes' analysis was partly gUided by 
their calculations of the levels and oscillator strengths. 
They note that "In general the identifications for 
n = 2 - 3 transitions can be regarded as fmner than those 

ConfIguration Term J Level (em-I) 

2s22p4 3p 2 0.0 
1 7985 
0 10648 

2s22p4 In 2 58293.9 

2s22p4 IS 0 122700 

2s2p 5 8po 2 444 987 
1 451 .9.95 
0 455890 

2 6 IS 0 1039219 

involving levels of higher principal quantum num
ber." We have marked a few of the levels as explicitly 
tentative and omitted several 2s22p 34d and 5d levels 
pending an extended isoe1ectronic study of these config
urations. 

SIX 

We obtained the ionization energy by fitting an 
isoelectronic correlation-correction formula to the ex
perimental deviations from theoretical ionization ener
gies calculated by Cheng. The uncertainty is an 
order-of-magnitude estimate. 
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Feldman, U., and Doschek, O. A. [1977], J. Opt. Soc. Am. 67, 

726-734. CL 
Ferner. E. rt9481. Ark. Mat .• Astron. Fys. 36. 1-65. CL 
Kononov, E. Va. [1966], Opt. Spectrosc. (USSR) 20,303-304. CL 
Podobedova, L. I., Kononov, E. Ya., and Koshelev, K. N. [1971], Opt. 

Spectrosc. (USSR) 30,217-220. CL 
Sandlin, O. D .• Brueckner. O. E., and Tousev. R. rt9771. Astrophys. J. 

214, 898 - 904. CL 

ConfIguration Term J Level (em-I) 

2s22p 8(4So)3s 8so 1 1 783150 

2s 22p afJ)ft)& aD" 1 18# 910 
2 1845170 
3 1845870 

2s22p 3(2J)0)3s In° 2 1858800 

2s22p 8(2pO)3s 8po 0 
1 
2 1891830 
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S IX - Continued 

Configuration Term J Level (em-i) Configuration Term J Level (em-I) 

2s~p3(2P0)3s lpo 1 1 90J,. 800 2s22p s(2p°)3d lIpo 0 2142780 
1 2144 800 

2s~pSe1S°)3d 3Do 2 2085280 2 2146600 
1 2085350 
3 2085870 2s~p8(2P°)3d 8])0 2 215.4 580 

1 2156260 
2s~p~0)3d 3Do 1 2105380 3 2156.480 

2 2108120 
3 210824Ul 2s22p s(2p0)3d IDo 2 2162 760 

2s~p3~o)3d Ipo 1 2108900 2s~ps(2p0)3d IFo 3 2166530 

2s~3("'0)3d 3po 2 2116450 2s22p 3(2P0)3d lpo 1 219022Ul 
.1 2119830 

0 2s~p3(~S°)4d 3Do 3 248986Ul 

2s~¥D°)3d IDo 2 2117.480 2s~p3(ZD0)4d 3Do 3 256684Ul 

2s22p3(2Do)3d SSG 1 2125580 2s~p3(2D0)4d spo 2 257188Ul 
.................. .......... .......... ............... 

2s~p3~o)3d IFo 3 213.4 710 
S x «(88,2> Limit a HI 300 
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Sx 

Z=16 

N I isoelectronic sequence 

Ionization energy 3 609 000 ± 2 500 cm-I (447.5±0.3 eV) 

We evaluated the 2s22p 3 2Do levels using measure
ments of the 2s22p 3 4so _2Do forbidden lines observed in 
solar-corona spectra [Sandlin, Brueckner, and Tousey; 
Feldman and Doschek]; the values are probably accurate 
to about ±1 cm-I. The 2s22p3 2po and 2s2p 4 levels ex
cept 2s22p4 2P1/2 are from Edlen [1984], who used an 
isoelectronic smoothing of the experimental deviations 
from theoretical predictions. Edlen's values are partly 
based on, and supported within the uncertainties by, ob
servations of the 2s22p 3_2s2p 4 lines in the 177-265 A 
region [Kononov; Deutschman and House; Fawcett et 
al., 1970; Podobedova et al.]. The stated experimental 
uncertainties and comparisons of wavelengths measured 
by different observers indicate that most of the 2s22p 3 2po 
and 2s2p4levels should be accurate within errors of ±30 
to ±6O cm-I. The 2s2p 4 2PI12 level given here is 24 cm-I 

below Edlen's value, the lower value being a compro
mise between Edlen's result and the S x measurements. 
The 2p S 2po levels were established by observation of the 
2s2p4 TIs12-2ps 2P3/2 and 2D312- 2pi12 doublet near 210 A 
hy Fawcett et al. [1971]. Edlen's values for the corre
sponding wavenumbers, adopted here, are respectively 
18 cm-1 above and 116 cm-1 below the values obtained 
from the measured wavelengths. 

The levels of configurations of the types 2s22p2nl and 
2'i2p 3nl (n>3) are derived from lines in the region below 
51 A classified as transitions to 2s22p 3 or 2s2p4 lower 
levels. "Confirmation of classifications for S x is difficult 
hecause of the small line separations and blending" 
(Fawcett and Hayes, 1987]. Most of the stronger lines 
were included in the 1973 paper by Fawcett and Hayes, 
who extended the earlier analyses. In addition to their 
data, we have also used measurements by Ferner [1948], 
Kastner et ale [1977], Cohen and Crooker [1985], and 
"awcett and Hayes [1987] in evaluating the levels given 
here. Most of these higher levels are given to the nearest 
I 0 em -I, but the estimated uncertainties are of the order 
of ±500 cm- I or more. 

Fawcett and Hayes based their 1987 extension of the 
analysis partly on their calculations of energy levels and 
()scillator strengths for the transitions involved. We have 
i It addition consulted unpublished calculations of the up
per even-parity levels and oscillator strengths of transi
tions to the 2s22p 3 levels carried out by Cowan [1985]; 
his results include comparisons with experiment for 
Si VIII, P IX, and S x, with all strong configuration inter
actions included and adjustments of the energy parame-

ters to give good agreement with the more reliably 
established experimental levels. The analysis problems 
mentioned by Fawcett and Hayes are especially trouble
some for uppt=r 2D and 2p tenus, and we tentatively list 
different values for the 2p2ep)3d 2Pl12 and 2D levels than 

. given by them. Other level values given here agree with 
those of Fawcett and HayeR within the uncertJlinties, 
most of the differences being due to our use of Cohen 
and Crooker'S measurements of some lines. We list sev
eral of the more clearly tentative levels with question 
marks. Pending higher resolution observations and more 
extensive isoelectronic studies of these difficult spectra, 
we have omitted a number of higher levels tabulated by 
Fawcett and Hayes [1987], including most of those based 
on lines below 41 A. 

Cheng has carried out Dirac-Fock calculations of the 
ionization energies for this isoelectronic sequence. Eval
uating the constants in a correlation-correction formula 
for Cheng's results by fitting the deviations from experi
mental ionization energies for lower sequence members, 
we obtained a corrected value of 3 610 200 cm -1 for the 
ionization energy of S X. An isoelectronic-extrapolation 
formula derived by Edlen [1971] gives a value of 
3607880 cm-1 for this ionization energy. We have 
adopted the average of these values (rounded to the 
nearest 100 cm- I

), with an estimated error somewhat 
greater than their difference. 
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Configuration Term J Level (em-1) 

2s22p 3 48° 3/2 0 

2s22p 3 2])0 3/2 82442.3 
5/2 83594.9 

239'2pA !po l/Z 1209'15 
3/2 128804 

2s2p 4 4p 5/2 378458 
3/2 385362 
1/2 388883 

2.q2p 4 2]) 3/2 52072S 
5/2 520864 

2s2p 4 zs 1/2 608784 

2s2p 4 2p 3/2 636898 
1/2 645660 

2p 5 2p0 3/2 991249 
1/2 1002372 

2s22p2(3p)3s 4p 1/2 2087460 
3/2 2092400 
5/2 2098440 

2s22p2(3P)3s 2p 1/2 2113100 
3/2 2120500 

2s~p2eD)3s 2]) 3/2 2159280? 
5/2 2160140 

J. Phys. Chem. Ref. Data, Vol. 19, No.4, 1990 

8x 

Kononov, E. Ya. [1966], Opt. Spectrosc. (USSR) 20,303-304. CL 
Podobedova, L. I., Kononov, E. Ya., and Koshelev, K. N. [1971], Opt. 

Spectrosc. (USSR) 30,217-220. CL 
Sandlin, G. D., Brueckner, G. E., and Tousey, R. [1977], Astrophys. J. 

214,898-904. CL 

Configuration Term J Level (em-1) 

2s~p2(3p)3d 2p 3/2 2331160 
1/2 2341200? 

2s22p2(3p)3d ~ 5/2 2342990 
7/2 2351480 

2s22p2(3p)3d 4p 5/2 2350560 
3/2 2353220 
1/2 2353770 

2s22p2(3p)3d 2]) 3/2 2378700? 
5/2 2379900? 

2s22p2(lD)3d 2])? 3/2 2407650 
5/2 2409100 

2s22p2(lD)3d ~ 7/2 2409070 
5/2 2412550 

2s2p 3(58°)3p 4p 5/2 2417970? 

2s 2p 3(5g0)3d 4DO 1/2 

3/2 2542660 
5/2 2545280 
7/2 2552510 

2s 2p 3(3DO)3d 4DO 7/2 268990U! 

2s2p 3(3po)3d 4Do 7/2 275913U! 

2s22p2(3p)4d 4p 5/2 2914600? 
.................. .......... .... ..... ............... 

8 XI (3PO) Limit 3609000 
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S XI 

867 

Z=16 

C I isoelectronic sequence 

Ionization energy 4071 300 ± 3 000 cm-I (504.8 ± 0.4 eV) 

The main papers for the measurements and analysis of 
the 'b22p2-'b2p 3lines (186-292 A) are by Deutschman 
and House [1967], and by Podobedova et al. [1971]. The 
line list of Podobedova et al. also includes most of the 
known 'b2p3_2p4 lines (213-362 A). Fawcett et al. 
[1971] independently classified the 2f22p2 ISo-2s2p3 IPi 
line and several 2s2p 3_2p 4 lines. and Fawcett's 1975 
compilation includes the only measurement of the 2s 2p 3 

3Si _2p4 3PO wavelength. 
The 2s22p2, 2s2p3, and 2p4 levels given here are from 

Edlen [1985] except for the 2s22p2 3P2 and ID2 levels. 
Edlen's isoelectronically smoothed level values agree 
with values derived from the above-mentioned S XI mea
surements, within the experimental errors, and are prob
ably somewhat more accurate. The 2p4 ISo value is given 
in brackets because Edlen's results show that no transi
tion from this level (in particular, the 2s2p3 IPi _2p4 ISO 
line) has as yet been correctly identified. The 2s2p 3 sS; 
levels predicted by Edlen, and also the 2s2p23d sp and 
2s2p23s sp levels, are listed with an unknown correction 
" +X /' no line connecting the quintet levels with the 
lower-multiplicity systems having been classified. 

The relative positions of the 'b22p2 3Pb 3P2, and ID2 
levels are based on the wavelen21;hs of the 3PI-ID2 and 
I p 2 -ID2 forbidden lines observed in solar-corona spec
tra [Sandlin et al.; Feldman and Doschek]. The esti
mated relative uncertainties are about 1 cm -1, and the 
error ot" these levels with respect to the 'Po ground level 
is probably not greater than 15 em-I. The 'b22p2 ISO 
level, the connected 2s2p 3 levels, and the 2p4levels are 
probably accurate within errors of 25 to 40 em-I. 

Fawcett and Hayes [1987] give a list of lines in the 
27 -45 A region classified as transitions from high levels 
helonging to configurations of the types 2s22pnl and 
2\'2p 2nI (n>3). The analysis of the short wavelength 
spectrum was hampered by lack of sufficient experimen
t al resolution, uncertainties due to overlapping with 
spectra of other ionization stages, etc. Most of the levels 
given here from the 1987 paper were first located in 
"awcett and Hayes' 1973 analysis. The estimated wave
length uncertainty corresponds to level errors ranging 
from about 500 to 1000 cm-I. Several upper levels given 
hy Fawcett and Hayes [1987] as classifying lines were 

not included in their table of levels. We have either omit
ted such levels or. given them as tentative. Pending 
higher-resolution observations and more detailed 
isoelectrowc studies, we have also omitted most of the 
2s22pnd (n >4) levels given in the 1987 paper. The line at 
43.123 A classified as 2s22p2 3P2-2s22p3s 3p; in Fawcett 
and Hayes' 1973 paper should be added to the 1987 line 
list. 

The leading eigenvector percentages for the 'b22p 3d 
levels are taken from Fawcett [1987}, who calculated 
energies and oscillator strengths for this sequence using a 
Hartree-Fock program of R. D. Cowan. Some of the 
energy parameters were adjusted to improve agreement 
with experiment. 

Cheng has calculated the ionization energies for ions 
oftbis sequence using Dirac-Fock theory. We evaluated 
the constants in an isoelectronic correlation-correction 
formula by fitting the experimental deviations from 
Cheng's calculated values for lower members of the se
quence. The ionization energy given above was obtained 
by applying the resulting predicted correction for S XI to 
the theoretical value. The uncertainty is an order-of
magnitUde estimate. 

References 

Cheng, K. T. [1981], unpublished material. AT 
Deutschman, W. A., and House, L. L. [1967], Astrophys. J. '149, 

451-452. CL 
Edlen, B. [1985], Phys. Ser. 31, 345-358. BL PI' 
Fawcett, B. C. [1975], At. Data Nuel. Data Tables 16, 

135-164. BL CL 
Fawcett, B. C.. [1987], At. Data Nuel. Data Tables 37, 

367 -409. AT PI' 
Fawcett, B. C., Gabriel, A. H., and Paget, T. M. [1971], J. Phys. B 4, 

986-994. CL 
Fawcett, B. C., Hardcastle, R. A., and Tondello, O. [1970], J. Phys. B 

3, 564-571. CL 
Fawcett, B. C., and Hayes, R. W. [1973], Phys. Ser. 8, 244-248. CL 
Fawcett, B. C., and Hayes, R. W. [1987], Phys. Scr. 36, 

80-87. BL CL AT PT 
Feldman, U., and Doschek, G. A. [1977], J. Opt. Soc. Am. 67, 

726-734. CL 
Podobedova, L. I., Kononov, B. Ya., and Koshelev, K. N. [1971], Opt. 

Spectrosc. (USSR), 30, 217-220. CL 
Sandlin, O. D., Brueckner, G. E., and Tousey, R. [1977], Astrophys. J. 

214, 898 -904. CL 

J. Phys. Chem. Ref. Data, Vol. 18, No.4, 1880 



868 MARTIN, ZALUBAS, AND MUSGROVE 

SXI 

Configuration Term J Level (em-I) Leading percentages 

2s22p2 lip 0 0 
1 5208.0 
2 12388.1 

2s~2 In 2 67 146.3 

2s22p2 IS 0 132929 

2s2p s SSG 2 186251+% 

2s2p 3 Bn° 2 355076 
3 355350 
1 35536.4 

2s2p$ 3po 0 416947 
1 41G DBG 
2 417419 

2s2p 8 In° 2 530177 

2s2p s sso 1 535220 

2s2ps Ipo 1 592480 

2p4 sp 2 811702 
1 820531 
0 823645 

2p4 In 2 868462 

2p4 IS 0 [986736] 

2s~p3s SpD 0 
1 2320260 
2 2331340 

2s22p3s Ipo 1 2345060 

2s 2p2(4p)3s 5p 1 
2 2519160+% 
3 2525380+% 

2s2~p3d In° 2 2532260 75 14 2s~p3d SFo 

2s22p3d 8n° 1 2548420 85 
2 2549740 68 21 2s~3d 3po 
3 2555430 93 

2s22p3d spo 2 2560810 71 24 2s22p3d sn° 
1 2562100 85 10 " 
0 95 

2s~p3d IFD 3 2589840 95 

2s~p3d Ipo 1 258951f1l 93 

2s2pZ(4p)3s sp 2 2590 790? 

2s2 ~4P)3 12 260750Ul 
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s XI - Continued 

Configuration Term J Level (em-I) Leading percentages 

2s2p2(4p)3p 3J)0 3 2659800 

2s2p2(2D)3s 3n 3 26902501 

2s2p2(4p)3d 5p 3 2747150+x 
2,1 2752600+x? 

2s2p2(4P)3d 3F 2 2762500 
3 2766200 
4 2771600 

2s2p2(2D)3p IDo 2 !J 'lag SOUl 

2s2p2(2D)3p IFo 3 279500U! 

2s2p2fp)3d 9D 3 2799800 

2s 2p2(2D)3d ~ 4 2882400 

2s2pZ(ZD)3d IF 3 2891900 

2s2p2(2D)3d In 2 2920850 

2s2p¥P)3d 3p 2 3053050 

2s22p4d 3n° 3 323260U! 

2s22p4d IFo 3 3 243 45U! 
....................... .............. ....... ..................... 

S XII (2pi,2l Limit 4011 aoo 
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S XII 

Z=16 

B I isoelectronic sequence 

Ionization energy 4 552 500 ± 1 500 cm-1 (564.44 ± 0.19 eV) 

The measurement and identification of the solar
coronal line at 7611.0 ± 0.4 A [Jefferies, 1969] gives the 
value 13 135.3 ± 0.7 cm- I adopted here for the 2s22p 
2p:n-2p;n ground-doublet interval. The 2f2p2 doublet 
levels are based mainly on measurements of transitions to 
the 2po ground-term levels by Fawcett [1975] and by 
Podobedova et al. [1971]. We have also used averages of 
measurements by these authors in determining the 2s2p 2 
4p _ 2p 3 4S3/2 separations. The position of the quartet 
term system with respect to the ground level is based on 
Edlen"s isoelectronically estimated value Cor the 2s'2p 
2P3/2-2s2p2 4pS/2 separation; an unknown correction 
"+x" is given with the quartet levels because their con
nection to the doublet system has not been determined 
experimentaIly. We used Fawcett's [1975] measurements 
of the 2s2p 2 2D_2p 3 2Do, 2po lines and also Edlen's 
isoelectronica11y derived separations in evaluating the 
2p 3 doublet levels. 

The estimated uncertainties of the various wavelength 
measurements used to determine the 2s2p 2 and 2p3levels 
correspond to wavenumber uncertainties of about ±20 
to ±60 cm _I, but larger errors in some cases would not 
be surprising. 

We evaluated the 2s2nd and 2s2pnl (n >3) levels using 
the wavelengths and classifications of lines in the 
23 -- 39 A region given by Fawcett and Hayes [1987]. 
Their estimated wavelength uncertainties correspond to 
wavenumber uncertainties of about ± 1000 cm- I for the 
2s23d and 2s2p3s, 3p, and 3d levels. The 2s2nd and 
2s2pnllevels having n >4 are expected to have errors of 
the order of 3500 to 5500 em _I. These errors should be 
kept in mind, since in most cases we have rounded the 
higher levels to the nearest 100 cm _I instead of the 
nearest 1000 cm _I. 

Fawcett and Hayes based their analysis partly on com
parisons of observed spectra with the results of their the
oretical calculations of levels and oscillator strengths. 
They note that "In general the identifications for 

J. Phys. Chem. Ref. Data, Vol. 19, No.4, 1990 

n = 2 - 3 transitions can be regarded as fIrmer than those 
involving levels of higher principal quantum number." 
We have marked a few of the higher levels as explicitly 
questionable. usually because only one line of an ex
pected multiplet was classified. 

A single position is given here for both levels of sev
eral doublet terms. In each case either the apparent ob
served doublet interval or the expected line splitting was 
smaller than the experimental uncertainty; appropriate 
averaging was used in obtaining the term values. 
Fawcett and Hayes rounded off'the wavelengths below 
30 A to two decimal places in their line list, but appar
ently used three-place values in determining the corre
sponding high levels; we have taken a few of the highest 
levels (rounded oft) from their table of levels. 

We obtained the ionization energy by fitting an 
isoelectronic correlation-correction formula to the ex
perimental deviations from theoretical (Dirac-Fock) ion
ization energies calculated by Cheng. A value for the 
S xm 2s2 IS limit could also be derived by fitting a Ritz 
formula to the 2s2nd 2D series, but the present experi
mental uncertainties of these levels corresponds to an 
ionization-energy uncertainty much larger than the esti
mated error of our predicted value. 
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8xn 

Configuration Term J Level (em-I) Configuration Term J Level (em -1) 

2s: 22p 2po 1/2 0.0 2s: 2p(3po)Sd 2[)o 5/2 2 95G GOO 
3/2 13135.3 

2s2p(3po)3d "po 5/2 2963800+x 
2s2p 2 "p 1/2 193882+x 3/2 2966900+x 

3/2 198675+x 1/2 
5/2 205425+x 

2s2p(3po)3d 2FO 5/2 2998200 
2s2p 2 2J> 3/2 346700 7/2 3006400 

5/2 347005 
2s2p(3po)3d 2po 3/2 3011500 

2s2p 2 28 1/2 439580 1/2 3015300 

2s2p 2 2p 1/2 464755 2s2p(lpo)3p 2J> 3/2,5/2 3061000 
3/2 471430 

2s2p(lPO)3d 2Fo 5/2,7/2 3128200 
2p s "So &/2 .010075+x 

2s2p(lpO)3d ~o 5/2 3140700 
2p 3 ~o 3/2 689910 

5/2 690480 2s24d 2J) 3/?}/2 3543300 

2p 3 2p0 1/2 774020 2s2p(3po)4p ~ 5/2 3732000? 
3/2 775805 

2s2p(3pO)4d "n° 7/2 3754000+X? 
2s23d ~ 3/2 2747400 

5/2 2748100 2s2p(3po)4d 2Fo 5/2 3766700 
7/2 3771 700 

2B2p(BPO)& "po 5/z f.J 174 700+x? 
2s25d ~ 3/2,5/2 3911000 

2s 2p(3po)3p 2p 1/2 2840700 
3/2 2848000 2s2p(lPO)4d 2Fo 5/2,7/2 393300U! 

2s2p(3po)3p 2D 3/2 2895800 2s26d 2n 5/2 4108000? 
5/2 2904500 

2s2t-[d 2n 5/2 4228000? 
2s2p(3po)3p 28 1/2 2929800? ..... , ............ ....... . ,. .. ....... . .............. 
2s2p(3po)3d "n° 1/2 8 XIII (lSo) Limit 4, 552 500 

5/2 2950 BOO+x 
3/2 2952300+x 
7/2 2957600+x 
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S XIII 

Z=16 

Be I isoelectronic sequence 

Ionization energy 5 260 000 cm-I (652.2eV) 

Fawcett [1970, 1975] and Fawcett and Hayes [1973, 
1987] have analyzed this spectrum. We took the 282, 
282p, and 2p2 levels from Edlen [1983, 1985], who has 
smoothed the isoelectronic data by comparisons with 
theoretical values. The 282 180-282p 3Pi intercombina
tion line has been measured in solar-flare spectra 
[Widing, 1978; Dere, 1978]. The 2s2p 3p: and IP: levels 
are probably accurate to ± 10 cm-t, the 282p 3PO and 3Pi 
levels to ±20 cm -I, and the 2p2 3p and 10 levels to 
±25 cm-I. No transitions from the 2p2 ISO level to lower 
levels have been classified, but Edlen's interpolated 2p2 
ISO position (given in brackets) is probably accurate 
within ±100 cm-I. 

Fawcett and Hayes' 1987 line list for the short wave
length region extends from 23 to 37 A.. We evaluated the 
28 31 and 2p 31 levels using these wavelengths and Edlen's 
values for the lower levels. Fawcett and Hayes give the 
wavelengths below 30 A. to only two decimal places, but 
apparently used three-place values in determining the 
corresponding upper levels; we have thus adopted their 
level values (rounded oft) for these higher levels. The 
estimated wavelength uncertainties correspond to errors 
of 750 to 1000 cm -I for the 28 31, 2p 31 levels and 4000 to 
5500 cm-I for the higher levels. We have rounded off 
the 2831, 2p31 levels to the nearest 100 cm-I and most of 
the higher levels to the nearest 500 cm -I. 

Fawcett and Hayes based their analysis of the short
wavelength spectrum partly on their theoretical calcula· 
tions of the energy levels and oscillator strengths. The 
wavenumber separation of two lines measured at 36.559 
and 34.872 A agrees within 50 cm-l with .Edlen·s value 
for the 2p2 102-2p2 ISO separation. These lines were 
classified as the 2p2 ISo-2p3d Ipi and 2p2 102-2p3d IF; 
transitions, respectively, which gives almost coincident 
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values for the 2p 3d Ipi and IF; levels. It seems likely that 
both lines are transitions from the 2p 3d Ipi level since, in 
addition to the excellent agreement with the expected 
2p1.. 1 D2 - lSO separation, the observed relative intensity of 
the 34.872 A. line is much weaker than predicted by the 
calculations. We have thus omitted the 2p 3d IF; level as 
probably not having yet been located. 

The difficulty of definitively classifying some of the 
short.wavelength lines was noted by Fawcett and 
Hayes. A few of the higher levels based on single weak 
or blended lines are explicitly indicated here as tentative. 

We obtained the ionization energy from semi
empirical formulae for corrections to theoretically calcu· 
lated values along the Be I sequence. The adopted value, 
which has been rounded to the nearest 1000 cm-t, is 
1100 cm-I lower than the value given by Edlen's [1971] 
formula for this sequence. More accurate measurements 
of series in high.ionization spectra in this region of the 
periodic table will be required to test and improve the 
available ionization-energy formulae. 
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8xm 

Configuration Term J Level (em-i) Configuration Term J Level (em-i) 

2s2 18 0 0 2p3p in 2 3396200 

2s2p 3po 0 199181 2p3d 3n° 1 
1 203474 2 3411100 
2 213182 3 3414 700 

2s2p lpo 1 389583 2p3d 3po 2 3424400 

2p2 3p 0 523237 2p3p 18 0 3438300 
1 528796 
2 536856 2p3d lpo 1 3457100 

2p2 in 2 589449 2s4s 38 1 4024 900 

2p2 18 0 [721825] 2s4p lpo 1 4066700 

2s3s 38 1 3011500 2s4d 3n 2,3 4085500 

2s3p lpo 1 3101500 2s4d in 2 4095000 

2s3p 3po 1 3106500 2p4p 3n 3 4308000? 

2s3d 3n 1 3157200 2p4d 3n° 1 
2 3157500 2 4325000 
3 3158600 3 4331000 

2s3d in 2 3193300 2p4d lFo 3 433350U! 

2p3p lp 2 3319400 2s5d 3n 3 4516500? 
.................. .......... . ........ . .............. 

2p3p 3n 3 3343700 
8 XIV (28110 Limit 5260000 

2p3p 38 1 3356100 

2p3p 3p 0 
1 3365600? 
2 3372500 
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SXIV 

Z=16 

Li I isoelectronic sequence 

Ionization energy 5702400 ± 600 cm-1 (707.01 ± 0.08 eV) 

The most accurate measurements of the 2s - 2p reso
nance doublet lines have been made in solar-flare spectra 
[Widing and Purcell; Sandlin et al ; Dere]. The 2p levels 
here were obtained by adopting the wavelengths 417.66 
and 445.70 A as averages from these references; the er
rors are probably less than 15 cm- I • 

Brown et uL [1989] have made new ~bservations of 
transitions from the higher levels. Their measurements 
include the 2s - 3p, 2p - 3d, and 2p - 3s doublets in the 
30 A region and the 3.\' -4p. 3p -4d. and 3d -4J' dou
blets in the 90 A region. In evaluating the levels, we also 
used measurements of the 2s - 3p and 2p - 3d doublets 
by Fawcett and Hayes and by Goldsmith et al and the 
measurements of the 3p -4d and 3d -41 doublets by 
Fawcett and Ridgeley. We combined the experimental 
wavenumbers from the 90 A region with certain other 
data in evaluating the 4d and 41 levels. Thus the hydro
genic value for the 4f2Fs/2-2F;/2 interval, 292 cm-t, as 
well as the 4d 2Ds/2-4j2Fs/2 separation determined by 
core-polarization parameters [Edlen, 1979], 546 cm-1, 

are probably accurate within errors less than 100 em-I; 
the respective values for these quantities from the levels 
here are 300 and 420 cm -1. It seems likely that the errors 
of the 3s, 3p, 3d, 4d, and 41 levels with respect to the 
ground level are within about ±600 cm -1. 

Edlen's parameterizations of the data for this isoelec
tronic sequence yielded formulae for the entire ts2nl en
ergy structure. His values for the levels mentioned above 
agree with the values here within the uncertainties, the 
largest discrepancy being a difference of 370 cm -1 be
tween the two values for 3p 2p;/2 (Edlen's value is 
3286180 cm- I). We have given values for the 4s, 4p, 
and 5d levels as obtained from Edlen's results. The un
certainty of these levels is comparable to that for the 
other levels having n > 3 and is significantly less than the 
uncertainty of the available experimental wavenumbers 
for corresponding transitions to n = 2 levels 
[measurements in the 22-24 A region by Fawcett et al , 
1970]. The measurements of the weak 3s-4p doublet 
near 89 A by Brown et al agree with Edlen's values 
within the uncertainties. 

Absolute term values (ionization energies) for the 41 
levels including relativistic and core-polarization correc-
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tions [Edlen, 1979] are probably accurate within 
±100 cm-1

• By adding such term values to the 4flevels 
given here, we obtained a value 5 702 430 cm -1 for the 
principal ionization energy (S xv 1s2 IS), in good agree
ment with Edlen's value 5 702 380 cm -1. We thus adopt 
the value 5 702 400 ± 600 cm -1, as given above. 

The terms of the lowest cOnfigurations having K -shell 
excitation, Is2s2, 1s2s2p, and 1s2p2, are included in the 
table. Spectral features due to such configurations have 
heen observed near. or blended with. the S xv h 2 -h2p 
resonance lines in the 5 A region. Transitions from the 
ls2s2p and ls2p 2 doublet terms (to ls22s 2S and 
ls22p 2po, respectively) are among the strongest contrib
utors to such features in the spectra of laser-produced 
plasmas [see, e.g., Aglitskii et al, 1974; Feldman et al, 
1974; and Boiko, et al, 1978a]. Since the experimental 
wavelengths obtained for such features usually refer to 
unresolved blends of several lines, we derived the K
excitation levels here using calculations by Vainshtein 
and Safronova [1975; 1978] and a correction for QED 
and some smaller contributions not included in their cal
culations. On the basis of comparisons of their values for 
the S XV Is2 IS--=ls2s 3S,iS and ls2 lS-ls2p 3po, Ipo 
energies with more accurate values calculated by Drake 
[see S xv], we reduced the ls22p -ls2s2, ls22s -ls2s2p, 
and ls2 2p -ls2p 2 separations of Vainshtein and 
Safronova by 3400 cm -1 as an average correction. The 
ls2s2, ls2s2p, and ls2p 2 levels were then obtained by 
combining these adjusted separations with the 1s22s 2S 
and ls22p 2po levels given here. The errors of the result
ing K -excitation levels are expected to be significantly 
smaller than the experimental uncertainties of the best 
available measurements (about ±4000 cm-1

). Most of 
the calculated K -excitation fine-structure splittings are 
probably accurate to a few hundred cm-1 

The energies of levels of some higher excited-core 
configurations, such as those of the type ls2131' for ex
ample, have also been calculated, and features classified 
as arising from such levels have been observed as satel
lites of the S XV ls2 -ls 2p and ls2 -ls 3p resonance lines 
[Boiko et al, 1978b, and references therein; a more com
plete list of calculated wavelengths is given by 
Vainshtein and Safronova, 1980] 
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8 XIV 

Configuration Term J Level {em-I) Uonfiguration Term J Level (em-I) 

Is 2205 2g 1/2 0 8 xv (ISo) Limit 5702400 

Is22p 2p0 1/2 224366 Is2052 28 1/2 [19422000] 
3/2 239429 

18(28)205 2p (olpO) 4po 1/2 [19480400] 
Is2& 28 1/2 3220100 3/2 [19484500] 

5/2 [19494400] 
1823p 2po 1/2 3282020 

3/2 3286550 18(28)205 2p(olPO) 2po 1/2 [19656100] 
3/2 [19663900] 

Is23d 21) 3/2 3309260 
5/2 3310680 Is2p2 4p 1/2 [19721300] 

3/2 [19727900] 
ls24s 28 1/2 4319700 5/2 [19735300] 

ls24p 2po 1/2 4344 980 Is (28)205 2p(lpo) 2po 1/2 [19 73G 80U] 
3/2 4346860 3/2 [19 740800] 

ls24d 21) 3/2 4356570 ls2p2 21) 5/2 [19838200] 
51z 4357210 3f'/.. [19839000] 

ls24f 2Fo 5/2 4357630 182p 2 2p 1/2 [19864000] 
7/2 4357930 3/2 [19878500] 

ls25d 21) 3/2,5/2 4841300 ls2p2 28 1/2 [19994200] 
.................. ........ .. ......... ..... ... ........ 

8 xv ls205(381) Limit [25304400] 
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SXV 

Z=16 

He I isoelectronic sequence 

Ground state 192 ISo 

Ionization energy 26001 513 ± 400 cm-1 (3223.78 ± 0.05 eV) 

Schleinkofer et al. [1982] measured the S xv 
192 lSo-192p Ipi and 3Pi resonance lines and ob
tained energies equivalent to 19 846 480± 730 and 
19736 630±890 ern-I. reRpeetively. The b 2 ISo _ 

192p IPi separation as determined by the wavelength 
measurement of Aglitsky et al. [1988] is 
19846 780±1180 em-I. Aglitskii et aL [1974] observed 
the Is1 1So-l9np 1Pi series to n = 6 with uncertainties of 
±4000 to ±12000cm-1

• 

The 1921 levels and the ionization energy given here 
are from Drake's 1988 calculations for this isoelectronic 
sequence. Measurements of the Ar XVII Is2 ISo-192p IPi 
and 3Pi resonance lines by Deslattes et aL agree with 
Drake's calculations within the estimated experimental 
uncertainties of 1.2 parts in lOS. An error of 1.2 parts in 
10' for the S xv 192p levels relative to the ground level 
corresponds to about ±240 em-I; our assumption of 
±400 cm-1 as the uncertainty for the lsnllevels and ion
ization energy is based on the agreement with experi
ment for Ar XVII. The calculations of the S xv 
ls2 lSo-192p 3Pi and 192 ISo-1s2p Ipi separations by 
Indelicato [1988, 1989] and by Aglitsky et aL [1988], re
spectively, agree with Drake's values within this uncer
tainty. The experimental values for these separations 
quoted above also agree with Drake's calculated values 
within the larger uncertainties involved. 

The estimated uncertainty of the 1928 3S -192p 3po 
It:vt:l ~t:paratiun~ here ~ abuut ± 8 em _1 [Drake, 
1988]. The most recent experimental values of the 
3S1_3Pi and 3S1_ 3PO separations, 148493 ± 5 and 
132 198 ± 10 em-I [DeSerio et al.], are less than the val
ues here by 6 and 42 em-I, respectively. The deviation of 
the experimental 3S1..,... 3PO separation from the calculated 
value appears inconsistent with similar comparisons for 
Z = 10-15; pending clarification of this apparent small 
irregularity along the isoelectronic sequence, we have 
listed the 1928 3S and 192p 3po levels as calculated by 
Drake. 

The 1s3/levels are from Drake's 1985 calculations 
with small adjustments (3 em-lor less) based on his 1988 
values for the ionization energy and 1921 levels. Ermo
laev and Jones [1974] calculated the 19ns and 19np levels 
through n =5, and Vainshtein and Safronova (1985J cal
culated the 19ns, 19np, and 19nd levels through n = 5. If 
the lsnl level systems calculated by these authors are 
each adjusted to Drake's limit, the agreement with 
Drake's levels is within ±100 cm-1 for all except 
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Vainshtein and Safronova's 19 3p 3po levels. We give the 
lsns and Isnp levels for n = 4 and S as obtained from 
Ermolaev and Jones' term values (positions with respect 
to the limit) combined with nrake'& value for the limit. 
The 19ns and 19np levels for n = 6 - 10 are from series 
formulae given by Martin (based on lower series mem
bers calculated by Ermolaev and Jones) and Drake's 
limit. We have given the 19n1 term system complete 
through n =6 by including the terms for n =4-6,1>2 as 
calculated from series or term-defect formulae [Martin] 
and Drake's limit. The errors of the 19nJ, Isng, and 19nh 
positions with respect to the limit (Le., their term values 
or ionization energies) are expected to be well within 
100 em-I, the term-defect uncertainties decreasing for 
higher n and I values. Comparisons of the 19nd series-for
mulae predictions with the recent calculations by Drake 
(ls 3d) and Vainshtein and Safronova (ls 3d - Sd) indi
cate that the errors of the series-formula Isnd levels with 
respect to the limit are also within ± 100 em-I. (In com
parisons of levels given here with values calculated by 
Vainshtein and Safronova, it is of course necessary to 
take into account the above-mentioned systematic differ
ence with respect to the ground level.) 

Transitions of the type 19n1-2I'nl" (n >2) from dou
bly-excited configurations in S xv give rise to satellite 
features near the S XVI 19 2S - 2p 2po resonance doublet 
at 4.73 A. Boiko et al. , for example, compare experimen
tal and calculated intensities uf three feature~ due tu tran
sitions from 2s2p and 2p2 levels observed in spectra of 
laser-produced plasmas (two of the features being classi
fied as blends of unresolved lines). The positions of the 
282

, 282p, and 2p2levels given here are based on calcula
tions by Vainshtein and Safronova [1978], adjusted to 
include QED contributions omitted by them. Their cal
culated wavelengths for the satellite transitions were in
creased by 0.0013 A on the basis of comparisons of their 
results for the S XVI 19 - 28 and 19 - 2p transitions with 
those of Mohr (see S XVI). The resulting wavenumbers 
were combined with the appropriate 19n/levels as given 
here to obtain the doubly-excited levels, averages from 
several transitions being used in some cases. We list these 
levels to the nearest 100 em-I. The still higher configura
tions of the type 2l'nl" (n >3) can give rise to satellites of 
both the 19 - 2p and Is - np resonance lines of S XVI. 

Vainshtein and Safronova [1980] give calculated wave
lengths for such transitions. 
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Sxv 

Configuration Term J Level (em-I) Configuration Term J Level (em-I) 

Is2 IS 0 0 Is4d In 2 [24457 576] 

Is2s Ss 1 [19602076] Is4! SFo,IFo 2,3,3,4 [2.4 .4578891 

Is2p 3po 0 [1973431.4] Is4p Ipo 1 [24458842] 
1 [19737521] 
2 [19750573] Is5s 3S 1 [24 999 972] 

Is2s IS 0 [19745473] Is5p 3po 0 [250075891 
1 [25007798] 

ls2p Ipo 1 [19846285] 2 [25008632] 

Is3s 3S 1 [23 193 163] Is5s IS 0 [25007605] 

Is3p 3po 0 [23229571] Is5d 3n 1,2 [25012870] 
1 [23230551] 3 [25013202] 
2 [232344291 

Is5d In 2 [25013407] 
ls3s IS 0 [23231087] 

Is5! 3Fo,IFo 2,3,3,4 [25013562] 
ls3d 3D 1 [2R 254 611] 

2 [23254645] Is5g 3G,IG 3,4,4,5 [25013723] 
3 [23256165] 

Is5p Ipo 1 [2501.4 007] 
ls3d In 2 [23257 195] 

Is6s 3S 1 [25307614] 
ls3p Ipo 1 [2326041Gj 

Is6s IS 0 [25312000] 
ls4s 3S 1 [24431101] 

Is6p 3po 0 [25312007] 
Is4p 3po 0 [24446163] 1 [25312128] 

1 [24 #6570] 2 [25312610] 
2 [2.4 #81991 

Is6d 3D 1,2 [25315047] 
Is4s IS 0 [24446439] 3 [25315239] 

Is4d 3n 1,2 [24456527] Is6d In 2 [25315357] 
3 [24 457 176] 
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8 xv - Continued 

Configuration Term J Level (em-1) Configuration Term J Level (em-1) 

186{ 3Fo,1Fo 2,3,3,4 [25315.u5] 189p 1po 1 [25696685] 

186g 3G,1G 3,4,4,5 [25315534] 18108 38 1 [25752872] 

186h 3H°,tHo 4,5,5,6 [25315589] 18108 1S 0 [25753802] 

186p 1po 1 [25315 G93] 1810p 3po 0 [25753813] 
1 [25753839] 

1878 3S 1 [25492558] 2 [25753943] 

1878 18 0 [25495299] 1810p 1po 1 [25754 G01] 
............................. - ...... -"'''''-- ........ '" ..... ". .......... - ............... -- .... - .... -

3po 187p 0 [25495315] 
8 XVI (2SlI~ 1 [25 495 392] . Limit [26001 513] 

2 [25495695] 
292 1S 0 [40511 800] 

187p 1po 1 [25497627j 3po 2s2p 0 [40 541800] 
1888 3S 1 [25612331] 1 [40 548200] 

2 [40584200] 

1888 18 0 [25614158] 
2p2 3p 0 [40663600] 

188p 3po 0 [25614174] 1 [40671900] 

1 [25614225] 2 [40684 300] 

2 [25614428] 
2p2 1n 2 [40745200] 

188p 1po 1 [25 G15 718] 1po 2s2p 1 [40748400] 
1898 3S 1 [25694310] 

2p2 18 0 [40939 100] 

1898 1S 0 [25695589] 
8 XVI 2p(2pi/~ Limit [47130813] 

189p 3po 0 [25 G95 602] 
8 XVI 2s(281/~ 1 [25695 G38] Limit [47131660] 

2 [25 G95 781] 
8 XVI 2p(2p3/~ Limit [47155008] 

J. Phys. Chem. Ref. Data, Vol. 19, No.4, 1990 



ENERGY LEVELS OF SULFUR, S I THROUGH S XVI 

SXVI 

879 

Z=16 

H I isoelectronic sequence 

Ground state Is 2S112 

Ionization energy 28 182 526 ± 4 cm-1 (3494. 1892±0.0010 eV) 

The ionization energy and the 2s and 2p levels are 
from the calculations by Mohr, which agree to the 
nearest em-I with values calculated by Johnson and 
SofT. Mohr gives an uncertainty of ±O.l cm -I for the 2p 
2P312-2Pi12 interval and ±0.4 cm-1 for the 2s-2p sepa
rations. The 2s 2S112 - 2p 2P312 separation as measured by 
Georgiadis et al., 23 351.7±2.1 em-I, is 3.7 em-I greater 
than Mohr's calculated value, the quoted experimental 
error representing one standard deviation. Assuming 
Mohr's calculated value for the 2p 2P312 - 2pi12 interval, 
Georgiadis et al. deduced from their measurement a 
value of 842.7±2.1 em-I for the 2s 2S112-2p 2pi12 Lamb 
shift. Zacek et a1. determined a value of 838.6±8.0 em-I 
for this shift using a field quench technique. Neither of 
these experimental results is in strong disagreement with 
Mohr's value of 846.4±0.4 em-I. 

We evaluated the levels for n = 3 - 5 by subtracting 
the binding energies calculated by Erickson from the Is 
ionization energy quoted here. The resulting 3s, 4s, and 
5s 2S112 levels were decreased by 4.2, 1.8, and 0.9 em-I, 
respectively, before being rounded to the nearest em-I; 
these are estimated corrections to the Lamb shifts. 
Erickson's table of binding energies has the ns, np, and 
nl (1 =n -I) levels for n =6-13. The uncertainty of 
most of the excited levels with respect to the Is 2S1/2 
ground level is about equal to the ionization-energy 
uncertainty. A nuclear mass appropriate for the 16S32 iso
tope: was assume:d in all the: calculations used here. Use 
of the natural-abundance average mass for sulfur would 
reduce all level separations by 5.7 parts in 1'08

; this 

amounts to only 1.6 cm-I for the ionization energy, 
which is smaller than the uncertainty. 

The experimental uncertainties of measurements of the 
S XVI Is -np resonance lines made thus far are muoh 
larger than the estimated errors of the theoretical wave
lengths. The measurements of the Is 2S - 2p lpo doublet 
near 4.73 A by Schleinkofer et a1., for example, are in 
reasonable agreement with the predicted energies, but 
the uncertainties are 2200 and 2900 cm -I. 
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8 XVI 

c onfiguration Term J Level (em-I) Configuration Term J Level (em-I) 

Is 28 1/2 0 as 28 1/2 [25050703] 

'2p 2p0 1/2 [21129300.4] 3d 21) 3/2 [25057607] 
3/2 [21 153 494.8] 5/2 [25059982] 

28 1/2 [21 130 146.8] 4p 2po 1/2 [2642186G] 
3/2 [26424890] 

:lp 2p0 1/2 [25050#9] 
3/2 [25057620] 4s 2g 1/2 [26421973] 
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S XVI - Continued 

Configuration Term J Level (em-1) Configuration Term J Level (em-1) 

4d 2J) 3/2 [26424885] 5d 21) 3/2 [27 057 760] 
5/2 [26425887] 5/2 [27 058274] 

4f 2Fo 5/2 [26425885] 5f 2Fo 5/2 [27058273] 
7/2 [26426885] 7/2 [27058529] 

5p 2po 1/2 [27056215] 5g 2Q 7/2 [27 058 528] 
3/2 [27057768] 9/2 [27 058 682] 

'I •••••••••••••••• 'I •••• 0 •••• •••••• 'I •• ................ 
58 2S 1/2 [27 056 270] 

Limit [28182526] 
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